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PREFACE 

The progress recently made in the manufacture 
of self-propelled vehicles, sometimes called moto- 
cycles, and more commonly automobiles, has 
awakened great interest in America.' France 
has been, to a great extent, the originator and, 
until recently, the producer of the most advanced 
and practical Hypes on the market. Its magnifi- 
cent roadways render possible one or two thou- 
sand mile trips covered in an incredibly short 
time. This contributed, of course, to make auto- 
mobilism a most popular and inspiring sport. 
England, Germany, and even Italy, rapidly 
adopted the new method of locomotion, and, all 
over Europe, self-propelled vehicles of all sizes, 
models and prices are now being built. 

The automobile movement in the United States 
is taking on a practical aspect, which makes it 
important that every vehicle user should investi- 
gate the subject, in order to ascertain if it con- 
tains a promise of greater economy, speed and 
efficiency, in this particular form of transporta- 
tion, over common roads, for which, so far, horses 
and ordinary vehicles have been employed; or 
whether, perhaps, it simply offers a new and 
greater pleasure, and more rapid locomotion. 

7 



8 PREFACE 

The road to a perfect understanding of the auto- 
mobile problems and of the results accomplished 
by the Americin automobile industry up to date, 
seems to be barred to all but the few who have 
followed the movement from its very beginning 
and through all its phases. 

Those wjjo wish to be thoroughly posted regard- 
ing the early history of Automobiles and keep 
apace with the new improvements, will find 
"Lee's American Automobile Annual" complete 
and reliable. 

As the title implies, we propose to publish this 
work annually, and it will be our aim to give the 
public the latest obtainable information on the 
subject. 

That this Annual — ^the first of its kind published 
in this country — may prove helpful to all inter- 
ested in this new mode of traveling, is our 

earnest desire. 

The Publishers, 



Facts and Figures 

Concerning the 

Automobile and Motocycle 

DURING THE YEAR 1900. 



PARIS EXPOSITION AWARDS TO AMERICAN 

AUTOMOBILES. 

The Columbia & Electric Vehicle Co. secured a grand 
prize, the b'.ghest award to any American motor-vehicle, 
although gold medals were given to the Locomobile Co. 
of America, the Riker Electric Vehicle Co. and the 
American Electric Vehicle Co., and silver medals to the 
Columbia & Electric Vehicle Co., the Electric Vehicle 
Co. and the Riker Electric Vehicle Co. 

AUTOMOBILE CENSUS. 

From Paris comes the following statistics : A utomobiles 
registered in Paris, 3,701; in the suburbs of Paris, 1,219; 
in the rest of France, 2,445; ^^ ^^e whole of Germany, 
1,427; in the whole of England, 530; in the United 
States, less than 300. 

The accuracy of the figures is strongly questioned, as 
well it may, if the number of vehicles credited to the 
United States is a fair sample of the accuracy of the fig- 
ures for vehicles in other countries. There are at least 
150 individuals and firms in the United States that have 
built one or more vehicles, some of them a great many. 

How much of the world has the automobile con- 
quered ? Five years ago there were not thirty practical 
horseless carriages in the world. One year ago there 
were not thirty in Ameiica. Yet last season Newport 
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had an automdbil^ '^rade in which nineteen carriages 
were in line, and there would have been fifty, could the 
manufacturers have supplied the orders. America leads, 
as might be expected, in the manufacture of the electric 
motor. That it would be no flight of fancy to call this 
the "automobile year" will appear from the fact that 
one American concern recently gave an order for 4,200 
vehicles. 

CITY REGULATIONS. 

New York. —The Chief ot the Bureau of Combust- 
ibles has discovered that, according to Section 765* 
Chapter 378, of the laws of I897, owners of automobiles 
which require the use of gasoline, are technically violat- 
ing the law. So far he has done nothing more than to 
announce his discovery. 

« * 
* 

Washington, D. C. — The regulations in force here 
provide that no automobile or other horseless vehicle 
shall be propelled across any intersecting streets on whicn 
there are car tracks at a greater speed than six miles an 
hour, nor at a greater rate of speed between intersecting 
streets and avenues or cross streets on which there are 
no car tracks than twelve miles an hour. Outside the 
city limits the rate of speed must not exceed fifteen miles 
an hour. 

The attorney for the District has rendered an opinion 
to the effect that separate licenses should be required for 
each automobile used for the transportation of passen- 
gers for hire, whether they be located upon a public 
stand or upon private property. He also held that a 
license should be required by the District Commissioners 
for each automobile used under contract with hotels, 
clubs, etc., or in the service «rf the United States, not, 
however, meaning such automobiles as are the property 
of the United States. 

Germany. — The Cologne police have issued a 
set of very curious laws to regulate motor-car and 
motor-cycle traffic. Firstly, all vehicles must be adorned 
with a plate bearing the registered numl)er of the car or 
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cycle j then each rider or driver has to possess a police 
permit, thirdly, each vehicle has to have two brakes 
working entirely independent of each other; furthermore, 
the maximum speed permitted is twelve kilometers per 
hour and to crown all, every motor-car or wheel has to 
fitted with an apparatus preventing a transgression of the 
latter law. What is meant by this, after ordaining the 
presence of two brakes is inexplicable. 

* 

Paris. — The prefect of police has established regula- 
tions preventing Parisian automobile cab-drivers from 
demanding extortionate rates. The maximum rate per 
hour is about fifty cents. 

A great deal has been said about the automobile being 
a dangerous vehicle, and predictions are freely made 
that when the vehicles become more generally used 
accidents will be in great number. In France, where 
automobiles and motocycles are the vehicles of the mas- 
ses, fewer accidents are recorded against the vehicle than 
any other form of locomotion. During the month of 
July sixty-eight persons were killed and 630 injured by 
horses, against three persons killed and twenty-five in- 
jured by motor vehicles. 

* 
Boston. — After considering the results of a public 
hearing held last summer, the Park Board has voted to 
grant the owners of automobiles further concessions by ex- 
tending the time within which motor-vehicles shall be 
allowed to be driven in the park system an hour at each 
end. This means that automobiles may be run in the 
parks from 8;30 in the evening to 11:30 a.m. Still a 
tight rein is to be kept upon the auto by the board and 
if there is any tendency on the part of the chauffeurs to 
**cut loose" in the park system, the board will pull them 
up with a round turn. At present all vehicles may not 
exceed a rate of ten miles an hour in the parks, which is 
the legal limit all over the state. 

AUTOS IN STRANGE PLACES. 

China. — James Dedric, a Calif ornian, who has just 
returned from China, was in Bucyrus, 0> arranging for 
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the purchase of a number of ten-ton steel wagons and 
traction engines. When peace is fully re-established, he 
will establish a service across the desert in China, and 
enter active competition for carrying trade, which is now 
done by camels. The camel can carry only about 600 
pounds and makes only twenty miles a day, while his 
wagons will carry ten tons each and make sixty niles. 
He has been over the ground thorougly and expects 
to have fifty engines and 3,cxx> wagons actively engaged 
within a year. 

« 

The Yosemite. — Oliver Lippincott and E. Russell, 
on a LxKomobile, were the first chauffeurs to penetrate 
the Yosemite. In it they climbed up 2,500 feet to Gla- 
cier Point, which is about 9,000 feet above sea level. 

* 

The Klondike. — E. Jean de Lamare, the Parisian 
who started from Skaguay with an automobile which he 
proposed to take to Dawson, returned in May, having 
failed in his attempt. He got into Atiin without great 
difficulty, but found it very difficult going down the Yu- 
kon. He was finally forced to abandon the trip, as the 
river was breaking up. De Lamare said he was in no 
way discouraged by his failure to reach Dawson, but he 
found the automobile he had was unsuited for the trip. 
The horsepower was not sufficient and the carriage was 
too low, touching the ground in rough places. He in- 
tends to have one specially constructed for these trips and 
believes it will revolutionize winter travel. 

« * 

Ozark Mountains. — ^The automobile has superseded 
railroads and wagons in the affections of O. W. Ramsey 
and W. C. Wagner, travelling salesmen for St. Louis 
wholesale houses, whose route is through the mountain- 
ous section of Southern Missouri. They have recently 
returned from a trip of one month and 1,000 miles 
through the Ozarks and the surrounding country, having 
made the trip in a 2,300-pound automobile, which car- 
ried 1,000 pounds of baggage. 
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Argentina. — The use of electric and gasoline 
motor cars in Buenos Ayres is developing rapidly, Not 
only heavy delivery wagons, but also luxurious carriages 
driven by oil or electricity are frequently to be met with 
on the streets of that city. The roads are gradually be- 
ing improved, and a touring club has been formed with 
a view to watching over the interests of automobilism. 
Its first move will be to establish throughout all the 
provinces of the Republic, roads specially reserved for 
bicycles and light motor cars. These roads already rad- 
iate from Buenos Ayres for a distance of from sixty to 
seventy miles, apd the work will be continued until a 
network of similar roads exist all over the country. 

RAPID TRANSIT. 

Aft automobile stage coach and mail line has been es- 
tablished in Speyer, Germany, and has carried 40,000 
passengers in its five months of existence. Each coach 
will carry twenty-eight passengers, and be propelled by a 
benzine motor of ten horse power. The route is ten 
miles and the company has a contract with the govern- 
ment to carry the mails. 

* 

Millionaire Clarence W. Dolan, of Philadelphia, has 
a country place located at Towesdale, about ten miles 
above the city on the banks of the Delaware, and he 
needed a machine that could cover the distance between 
his home and his office in at least as good time as the 
suburban trains make. He ordered an electromobile of 
the highest possible travelling radius with the least pos- 
sible weight. The vehicle, which was delivered to him 
at his Newport, (R. I.) cottage, was given several trial 
trips there. It is said to meet all requirements, the 
makers claiming that it can attain a speed of twenty-five 
miles an hour and maintain it for upwards of four hours 
on one charge of its batteries, and this despite the fact 
that it is considerably lighter than the majority of elec- 
tric vehicles of lesser power. The body of Mr. Dolan 's 
new machine is long and narrow, and set low, so as to 
offer very little wind resistance when running at speed. 
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Millionaire John Jacob Astor has organized an electric 
automobile omnibus service between Rhinecli£E and 
Khinebeck, to begin as soon as the hill at the RhineclifiE 
station is removed, contract for which has been awarded. 
This ser\'ice will connect Rhinebeck with the New York 
Central railroad. 

♦♦♦ 
The New York Central Railroad has, for some months, 
been investigating motor vehicles with a view of estab- 
lishing not only an automobile cab ser\'ice from Ceutral 
Depot, New York, but auxiliary freight feeders to lines 
at various points from towns not connected with them. 

NOVEL USES OF THE AUTO. 

Congress was asked, this session, to make an ap- 
propriation of $2,000 for the purchase af a motor am- 
bulance for the police department of the District of 
Columbia. The superintendent included this sum in his 
budget of estimates for the year and made a personal 
effort to secure it. 

*♦* 

Automobile weddings have become so common as to 
attract no further attention, until Chicago came out 
with a hitherto unheard-of variety in the shape of a 
Chinese automobile wedding. Moy Ing, a prosperous 
Celestial restaurant keeper, took Sella Voy to wife with 
the aid of an automobile, and now the pair are the won- 
der of Chinatown. 

*♦* 

A well known Dresden dairy is sending out its milk, 
cream, butter, cheese and other products in automobiles; 
and its example will shortly be followed by Berlin's 
most extensive milk supply firm. 

*♦* 
At the Paris Exjxjsition, a dinner was given to over 
twenty thousand mayors of French cities and villages. 
This is probably the largest number of persons who 
were ever served at one time. The tables, if placed end 
to end, would have been four miles long. Several mo- 
tor cars and four motor cycles were used to increase the 
rapidity of the service. 
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EXHIBITIONS AND PARADES. 

County Fairs. — Automobile exhibitions and speed 
contests were made the chief features at the county fairs 
all over the country last autumn. The demand for en- 
tries for the races was far beyond the supply. Numbers 
of chauffeurs with sporting blood arranged for tours of 
the country, taking in the races and paying their expen- 
ses from the prizes. For instance, L. R. Clinton and R. 
M. Whipple had no difficulty in securing engagements 
for their Locomobiles for these races and made a tour 
of the circuit. Whipple completed a tour of i,2CX) miles 
through New York state and wrote to the Locomobile Co. 
of America concerning his complete satisfaction with the 
performance of his vehicle. 

« 
Boston. — On October 15, Boston saw its first general 
parade of automobiles. It was held under the manage- 
ment of the Twentieth Century Exposition, and there 
were nearly fifty vehicles of various makes in line. The 
procession passed over a route nearly five miles in length, 
and from first to last attracted the attention of great 
crowds of people all along the line. It was just about 
an hour passing over the route. The start was made 
from the Mechanics' Building at 10:15 o'clock. At the 
head were a score or more of private carriages, runabouts 
and stanhopes, and then came the mercantile vehicles, 
most of which were delivery wagon. 

* * 
* 

Vienna. — An automobile exposition is to be held in 

Vienna this year, under the auspices of the Automobile 

Club of Austria and the patronage of the Archduke 

Francis-Sal vator, who is himself a great lover of the 

sport. The exposition will be held from the 25th of 

May to the 6th of June, in the Prater, where a large 

space has been set apart for it. All kinds of automobile 

vehicles will be represented, including private carriages, 

towing machines, delivery wagons, motocycles, etc., 

besides the accessories aiid detached pieces, representing 

the advanced stage of development which the industry 

has reached in Austria. Foreign exhibitors will also be 

well represented, and the Automobile Club has extended 
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a cordial invitation to all manufacturers. The club is 
taking measures to have the foreign products passed 
through the custom house free of duty on condition that 
they will be brought back.directiy after the exposition. 
It is expected that the German industry will show the 
advances it has recently made by a large number of ex- 
hibits. 

ARMY AUTOMOBILES. 

The Paris "Figaro" published an item to the eflEect 

that the Kaiser has offered a prize of 80,000 marks, or 

$20,000, for the best war automobile. Experiments 

conducted for some time past have shown such satifac- 

factory results that they induced the Kaiser to ofiEer the 

prize, thus showing what importance he thinks the 

motor-vehicle will play in future wars. 

« 
« « 

The Scotte traction engine, drawing a train of cars on 
the road, is giving satisfaction in the French army. 
Twenty-five of these engines can provide an army of 
60,000 men, sixty miles distant, with cartridges in 
eighteen hours. They can also transport fifty cannons 
of twenty-four tons each, a distance of ten miles in a 
single night. If the Prussians had had such engines in 
1870 they would not have required to wait three and a 
half months before getting their guns into position for 
the siege of Paris. According to Moltke, they had to 
bring 960 wagons and over 2,000 horses from Metz for 
the purpose. A Scotte traction engine replaces thirty- 
two horses, and 200 or 300 of them would have enabled 
the Germans to commence bombarding Paris a few days 
after the investment began. . 

The German forces in China have been provided 
with a six-hoFse-power gasoline truck for use in 
operations there. The vehicle carries a direct-current 
dynamo and a wireless telegraphy outfit. The dynamo 
is driven by the gasoline engine, and will furnish the 
current for the telegraphic apparatus. The vertical 
wires of the telegraphic receivers are carried by balloons 
of eighteen cubic feet capacity. The order for the en- 
tire outfit was filled within twelve days. 
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A Berlin factory has furnished the German govern- 
ment with an automobile for the Chinese expedition. It 
carries the necessary material for wireless telegraphy 
operation. The motor used not only supplies power for 
the machine, but is utilized as well for driving a small 
dynamo generating the electrical current needed for the 
telegraph operation^. 

ALCOHOL-BURNING AUTOS. 

More interest attaches to alcohol as a fuel in France 
than in America, owing to the fact that gasoline, or 
**essence" as it is called there, is higher priced than in 
this country, and because alcohol is cheaper. Experi- 
ments by French builders and chauffeurs have not shown 
that commercial alcohol gives as good results as gasoline, 
but, it has been found that a mixture of alcohol with 
certain hydrocarbon oils has resulted in producing a 
compound that is cheaper than gasoline and quite as 
efficient as fuel in internal combustion engines, volume 
for volume. Several firms offer liquid fuels, the form- 
ulae of which they guard religiously. One, Lepretre, 
however, furnishes a compound composed of 50 per cent. 
of commercial alcohol mixed with 50 per cent, of ben- 
zine and obtains results quite as good as those obtained 
with the ordinary grade of gasoline and at a consider- 
ably less cost. The retail price of the mixture is 55 
centimes per liter, as against 70 centimes for gasoline. 

In the second criterion race which was run over a 
course from Paris to Rouen, there were fifty-two entries, 
fifty-one starters and thirty who finished. The winner 
turned up in Giraud on a Panhard. He was accompan- 
ied, as was each of the other contestants, by a judge 
appointed by the committee in charge of the event. 
The fuel used was the Lepretre compound. 

A FEW 1900 RECORDS. 

March 23, Rigal, the Frenchman, broke the 100 -kilo- 
meter (62^ mile) road record, on the famous Etampes- 
Chartres course, making 1:30:49 1-5, as against the 
previous 1:46:123-5 and Beconnais' track record of 
1:30:552-5. Rigal rode fifty kilometers (31 miles) in 

43:50. 
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At Hruiwels, Ikl^ium, in a contest for the flying and 
»tarunn)( start kilometer, Jenatzy, with his three-horse 
ixiwcr ((asoline vehicle covered the flying start kilometer 
in 3H 1-5 fcconds, a speech of ninety-four kilometers 
iSoJ4 milc») to the hour; the former record belonged to 
J^naitrc, in 47 4-5. Another Belgian, Miesse, r«ie the 
Maine distance in a steam vehicle in 48 4-5 seconds, 
which iH alMo a world's record. 

♦♦♦ 

Will forty miles ever be covered in one hour's ride on 
a bicycle ? Will (). Stinson has demonstrated that the 
dintance could l>e made. The plucky Cambridge rider 
ha<l 330 yards to spare, when the hour was done. This 
feat was accomplished, Oct. 25, on the Brockton, Mass:, 
track, at which place Stinton and his retinue had been 
cam|)ing for a week. 

StiiiHon's bicycle was an Orient Leader, and for pace 
he followed an Orient-Aster motor-tandem, and it was 
to the remarkable way in which this pacing machine 
HiKid alM)ut the track that he was able to make the cov- 
eted distance. Kor the full hour it ran without a skip 
or break, keeping up an even speed, which was so nec- 
essary lo the success of the undertaking. 

Stinson has ])roven himself the best man in this coun- 
try in every mile up to 40, with the one exception of the 
mile, which was also secured on an Orient Leader by 
Unrry Kikes. 

AUTOS ON RUNNERS. 

The H. C. Akeley Lumber Co., of Minnesota, was 
among the first to give the automobile sled a practical 
test and results satisfied them that the idea was worth 
following up. In the winter of 1899- 1900 the company 
used a rather crude affair built in the woods, but strong 
enough to do g(X)d work. During the summer a more 
|K)werfuI and bctler-built locohiobile sled was construct- 
ed al a city machine shop, and since the weather became 
cold enough for ice roads, this machine has been doing 
the work of from ten to fifteen teams. It can haul fifteen 
sleds of logs. In some cases such a load has been hauled 
seven miles. In motlerate weather this size train can be 
hauled successfully. In weather at zero and below the 
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train consists of about ten cars, for the freezing of the 
runners to the ice while the train is being loaded pre- 
vents the starting of more than ten sleds at once. This 
train has drawn last winter 5,000,000 feet of logs, trav- 
elling six miles an hour light, and five miles loaded. 

These sleds are coupled together as cars are, and 
track perfectly, never getting out of line with the runners 
of the engine. The road is a regular ice road, rutted 
for the runners as for team hauling. 

ROYAL AUTO DRIVERS. 

The Kaiser has suddenly discovered that there are 
different uses for a motor-car than military ones only and 
drove to the Wilhelmshohe station on August 22 in a 
very fine four-seater to meet his uncle, the (then) Prince of 
Wales. This car is reported to be one oj the fastest ve- 
hicles in Germany, capable of going 95 kilometers (59 
miles) an hour; beautifully upholstered, as well it may 
be, as the price is 32,000 marks. It is concluded from 
its price that it is a French car, as those manufactured 
in Germany are not so expensive. 

* * 

King Alexander of Servia is the latest royal patron of 
the automobile, and is at present putting in all of his 
spare time scorching up and down the hilly roads in the 
neighborhood of Belgrade, his capital at breakneck 
speed. 

AUTO-PARAGRAPHS. 

People and papers have called the automobile by all 
sorts of long and short niAles and concocted all manner 
of abbreviations of the word automobile. The latest, 
shortest and nerviest is that employed by a heading 
writer on a Philadelphia daily. He does it thus : "O." 



* * 



The American Steel & Wire Co. and the Republic 
Iron & Steel Co., two mammoth corporations, both have 
their eyes on the automobile business and are making 
preparations to furnish the various structural iron used 
in the construction of motor vehicles. 
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The Cannstatt-Daimler works, of Cannstatt, Germany, 
have recently put out a new motor of no less than thirty- 
two horsepower. It will weigh a trifle under 300 pounds 
or between nine and ten pounds per horsepower. It is 
said that it is largely constructed of a metal which costs 
more than $3 a pound. 

* # 

An Australian millionaire owns what is said to be the 
heaviest motor- vehicle in the world. It weighs fourteen 
tons and is run by a gasoline motor of seventy-five-horse 
power. This enormous vehicle, which is capable of a 
speed, when needed, of eight miles an hour, is employed 
to carry freight to and from a gold mine situated 372 
miles in the interior of the country. 

# * 
♦ 

According to rumor, L. D. Munger, of the United 
States, received for his motor vehicle tire, $288,000 in 
stock in the concern organized by the Flint interests and 
in addition to this an annual salary to run for five years 
of $15,000 with $100 a week expenses and J}^ percent, 
on the gross sales. Munger still owns the foreign pat- 
tents on his automobile tire and is said to have been of- 
fered $50,000 for a one-quarter interest in the French 
rights. 

♦ 

A new automobile has been invented by a Russian 
named Hutal Serky, who has discovered a new system 
of locomotion based on the use of a certain kind of salt, 
the composition of which is his secret. Two pounds of 
this salt placed in the box of the automobile, and sub- 
jected to a certain heat, forms a gas which puts a cylin- 
der in movement. The automobiles that were tried in 
Moscow produced the best results. The Emperor of 
Russia, who takes great interest in the matter has sent 
Serky to Paris to find out what the Frencn experts think 
the invention is worth. The Russian press is of the 
opinion that it will cause a great revolution in the 
trade. 
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THE GENESIS OF THE AUTOMOBILE 

Just as the name "Automobile," although a 
most awkward and irregular combination of a 
Greek word and a Latin word, has come to stay in 
spite of many-voiced protestations, just so is the 
self-propelled vehicle which is designated under 
this name destined to become one of the per. 
manent features of Twentieth Century out-door 
life. And yet, new though it seems to be, and is 
doubtless believed to be, by the majority, the 
automobile has a past, a history, a "Genesis," and 
its old records possess an interest of their own, 
even for those who are simply attracted to the 
more modern types of horseless carriages. Let 
us, therefore, look over this history with a rapid 
pen and a retrospective memory. 

This record goes back, they say, to the old 
Pharaohs, and many a learned student of early 
Eg^jrptian architecture has discovered among the 
curious carvings so plentiful in the Land of the 
Pyramids, reproductions of strange vehicles that 

21 



At'TOMOBlLE ; 



CAL 



KCL-ni I'l liave moved about without apparent 
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more than it is the original type of the present 
automobile. 

Two other Frenchmen, Dallery and S^uin, fol- 
lowed in the footsteps of Cugnot, and went so far 
as to construct a steam-carriage with a tubular 
boiler; they date back to 1790; while James 
Watt's famous patent was taken in 1786, and 
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Symington, also an Englishman, placed on the 
road, in the same year, a steam carriage, well 
equipped and fairly reliable in its operations. 
[Fig. 00] 

In 1801. Captain Richard Trevithick, of Eng- 
land, built and operated successfully a full-size 
steam-coach, but failed to attract capital to his 
invention, and soon abandoned it as unprofitable. 
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It was also in 1786 that American ingenuity 
turned its attention for the first time in the direc- 
tion of self-propelled vehicles. Oliver Evans ap- 
plied on that date for a patent to protect his 
designs of a steam- wagon ; while, in 1790, Nathan 
Read did actually receive a United States patent 
on a double-acting steam-engine ; he constructed a 
small model, but no full-sized carriage. 

As soon as the nineteenth century had left be- 
hind it the troubled years of Napoleonic greatness 
and fall, and turned to its task of dazzling the 
world by the wealth of its inventive genius, the 
improvement in the means of transportation be- 
came one of the absorbing problems of the hour. 
For three years (1822-25) a large, commodious 
coach, actuated by steam, ran regular trips be- 
tween the Bank of England and the London 
suburb of Paddington. It had been built by a 
scientist of no mean ability, Sir Goldsworthy 
Gumey, and was later much improved by one of 
his pupils, Mr. John Squire, assisted by Colonel 
Macerone, a distinguished Italian engineer. [Fig. 
000.] The average speed reached, even at that 
time, eleven miles an hour, and steep grades were 
taken with ease and fair speed. Between 1828 
and 1833, a number of "Gumey coaches" were 
built and operated in England. Had not the 
advent of the railroad absorbed the attention of 
public and capitalists, no one can tell what a 
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revolution these horseless coaches might have 
realized in the transportation — upon the Queen's 
highway — of both passengers and freight. As it 
was, the smoothness of the rails got the best of the 
yet so imperfect automobile, and the envious ani- 
mosity of stage-coacb owners succeeded in wiping 
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away even the remembrance of these first and 
highly-laudable efforts. 

There is no doubt that the recent extraordinary 
success of the bicycle — especially the safety — con- 
tributed to a renewed interest being manifested in 
1 of self-propelled vehicles. To 
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the French — the descendants of Captain Cugnot — 
is due the first energetic impulsion given in the 
right direction. In 1890, a slow but otherwise 
satisfactory vehicle, built by Serpollet and Arch- 
deacon, made a journey between Paris and Lyons; 
its motive power was steam. 

Four years later, thanks to the popular excite- 
ment created by the famous Petit Journal, the first 
automobile race of importance brought forth a 
number of competitors. The question of the 
relative merits of steam and petroleum (hydro- 
carbon system) was practically settled on this 
momentous occasion; for, although Count de 
Dion's steam-carriage reached the goal (Rouen) 
in excellent condition and ahead of its compet- 
itors, the first prize was divided between him and 
Messrs. Levassor and Peugeot, builders of petro- 
leum automobiles. In 1895, the hydro-carbon 
motor achieved a signal victory in the great race 
between Paris and Bordeaux and return (750 
miles), accomplishing thi^ feat without a break 
and in less than forty-nine hours, beating its rivals 
by several hours. 

Since that great day, automobilism has im- 
planted itself in Europe as the locomotive system 
of the future, for all such purposes as demand 
freedom of circulation on the high roads and a 
rapidity compatible with public safety. The suc- 
cessful efforts of American manufacturers to 
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create in this country a large industry of auto- 
mobile-building needs no special commendation in 
this introduction; they are explained in full 
through the pages of this volume. 



Part I 

The Internal -Combustion Motor 

System 



CHAPTER I 

INVENTION AND PRINCIPLE OF INTERNAL-COMBUS- 
TION MOTORS 

By internal-combustion motors is understood 
that kind of motor in which power is produced by 
the expansion of gases generated by the combus- 
tion of hydro-carbon gas which is mixed with air 
and ignited within the confines of a cylinder in 
which works a piston. 

In most motors of this type there is only one 
piston working in the cylinder, the latter being 
closed at one end, but provided with valve chan- 
nels for the admission of the gas mixture. In cer- 
tain motors of recent invention both ends of the 
cylinder are open and two pistons work in each 
cylinder, in opposite directions. 

Various theories have found advocates in regard 
to the chemical and mechanical action that takes 
place when a mixture of hydro-carbon gases and 
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atmospheric air is ignited, but it is suflBcient for 
the understanding of all the workings of internal- 
combustion motors to consider that the gas acts- as 
a fuel which is very readily fired when mixed with 
air, because the air supplies the necessary oxjrgen 
for almost instantaneous combustion, while the 
unused oxygen of the air together with the other 
constituents of atmospheric air are simply ex- 
panded by the heat, and by their expansion drive 
the piston. 

From this point of view the internal-combustion 
motor is, then, essentially a hot-air engine in 
which the air is heated, immediately before it is 
ready to be used, by the intermittent combustion 
of hydro-carbon gas. The air, when heated, is in 
intimate and minute intermixture with the burn- 
ing fuel, and no time is given the air to cool before 
the expansion is utilized for motor work. Hence 
the great economy of the internal-combustion sys- 
tem compared with other less direct systems of 
converting the latent heat of carbons or hydro- 
carbons into motive energy. 

On the other hand, the practical difficulties in 
controlling and regulating the power so cheaply 
and simply developed, are much greater than 
those attending the use of steam or electric cur- 
rent, and have so far been only partly overcome. 

The efficiency of the internal -combustion motor 
depends upon a number of factors, among which 
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the following may be mentioned as the most im- 
portant: (i) Regulation of proportions between 
gas and air in the mixture ; (2) timing of ignition 
and compression of charge before ignition takes 
place; (3) caloric value of the gas used. Hereto 
should be added (4) general suitability of the 
motor for the special work for which it is in- 
tended, but for this requirement no general rulei^ 
may be laid d^wn. It is self-evident, however, 
that the motor construction which will suit such 
work as opera dng a printing press or a metal- 
stamping machine, both requiring intermittent 
developments of power, may be much simpler 
than that construction required for motor vehicle 
work, as for the latter the spasmodic work of the 
gas engine piston must be first equalized into 
motion of perfect uniformity at any given time, 
and yet must also be made adaptable to great 
variations of load and oJther factors in the condi- 
tions of travel. In the industrial uses of the 
internal -combustion motor it has, therefore, also 
been noticed that the first application was just for 
such purposes as above mentioned, for which the 
intermittency of the power was an advantage. 
Subsequently, it was taken in use for other indus- 
trial purposes for which economy and readiness of 
the power was of supreme importance, the inter_ 
mittency being reduced by the use of heavy fly 
wheels ; but only lately has it been so developed as 



$2 INTERNAL-COMBUSTION MOTOR SYSTEM 

to encroach seriously upon the domain of the 
steam engine for general manufacturing purposes 
on a large scale. 

It will be seen later that this development is 
chiefly due to the adoption of the two or three 
cylinder type of motor, and to improved systems 
for effecting ignition. 

Its application to the propulsion of vehicles is 
by far the most severe test of its adaptability to 
which it has been put, and has given the impulse 
to more study of its peculiarities and more im- 
provements in its construction than any previous 
use of it. 

The hydro-carbons that have been employed for 
internal-combustion motors are illuminating gas, 
gasoline, benzine, petroleum, alcohol and acetylene 
gas ; the latter two only to a very limited extent. 
When illuminating gas is employed the motor is 
usually termed a gas engine, but this form is 
available only for stationary work on account 
of the impracticability of carrying sufficient 
stores of fuel unless the gas is drawn from a liquid 
supply. 

Gasoline is the most commonly employed liquid 
hydro-carbon, being especially adapted for vehicle 
purposes by the readiness with which it vaporizes, 
the high value for heating purposes of its vapors 
and the extensive production and use of it for 
domestic purposes, making it readily obtainable in 
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nearly all localities. Oils which are chemically 
almost identical with gasoline, being composed 
of hydrogen and carbon, though produced by 
different processes of refinery, are known under 
different names in the various countries, such as 
essence, petrole, petrol spirit, benzine, but their 
usefulness as a fuel for internal-combustion en- 
gines depends, in all of them, on their specific 
gravity, which determines the temperature at 
which they begin to give off inflammable vapors. 
This temperature is termed the "flashing point." 
In practice kerosene is graded by the Baum^ scale, 
which indicates the g^reatest density by the lowest 
number, and the gasolines and naphthas are desig- 
nated by their boiling point and specific gravity. 
The kerosenes grade from 48'' to 43° Baum^ and 
should not flash below 110° Fahr. The gasolines 
grade from 80° to 67° Baum^, with specific gravity 
from 0.65 to 0.71. Still more volatile than the 
gasolines are the naphthas. The flashing point in all 
h3^dro-carbons varies somewhat with the barometer. 
Petroleum or kerosene ("heavy oil") is consid- 
ered preferable to gasoline because it may be 
handled more carelessly and may be bought in 
any country store. It is used in several modern 
motors for stationary work, but as yet not ex- 
tensively for motor vehicle work on account of the 
difficulty in vaporizing it by the ready means that 
suffice with gasoline, and the resulting slowness 
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in starting the vehicle after the motor has been at 
rest for some time. 

Alcohol (wood alcohol) has been used with con- 
siderable success in certain French and German 
automobiles, and might be used more extensively 
if it were not that most governments impose a tax 
on its production that raises its cost to the con- 
sumer above that of gasoline. 

Acetylene gas, produced by the action of water 
on carbon and lime, fused together (calcium car- 
bide), has not so far been successfully employed 
for motors, principally because it leaves a con- 
siderable residue after combustion. 

Internal - combustion motors are frequently 
termed hydro-carbon motors, and the specific 
names, gas motor, "gasoline motor, petroleum or 
kerosene motor, are also used, so as to denote 
the fuel employed, it being understood that the 
main principle is that of internal combustion. 
They are, all of them, also sometimes called ex- 
plosion engines or explosion motors, because the 
combustion of the gas mixture (explosive mix- 
ture) takes place so rapidly that a distinct report 
or explosion is heard. In the small cylinders used 
for motor vehicles this report is not ver^- loud, but 
has yet caused this style of vehicle to be known in 
France as ' teuf-tenf" (pronounced **tuf-tuf**). 
The more sibilant sound produced when the 
charge of the cylinder after each explosion is 
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exhausted into the atmosphere is in all modern 
gasoline motor vehicles suppressed by means of a 
muffler device, which, however, consumes part of 
the power derived from the explosion, and is, 
therefore, frequently left off at motor vehicle and 
motocycle races in order to increase the speed. 

Hydro-carbon motors are spoken of as being 
Ottocycle or four-cycle motors, or else two-cycle 
motors, besides other special "cycles" of lesser 
frequency. The "cycle" referred to is the cycle 
or repetition, during the work of the motor, of a 
certain fixed succession in the functions performed 
by means of the piston strokes. These functions 
are as follows: First, to draw the explosive mix- 
ture into the cylinder; second, to compress this 
mixture; third, to fire the mixture and produce 
the explosion ; and fourth, to expel the burnt gases 
and products of combustion. 

When it requires four piston strokes to perform 
these functions the motor is said to be of the 
Ottocycle or four-cycle type, which is the one 
most commonly employed. If they are performed 
during two. strokes of the piston the motor is a 
two-cycle motor. With the latter it has until 
recently been found very difficult to prevent 'pre- 
mature explosion of the gas mixture, because inner 
walls of the cylinder and admission valve become 
heated to a temperature ranging from 2,000 to 
2,700 degrees Fahr. at each explosion, and do not 
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get time to cool down below the temperature 
(about 1,700 degrees) required for igniting the gas 
mixture before a new charge of the latter is intro- 
duced. With the Otto cycle, having twice the 
number of piston strokes for each explosion, this 
difficulty does not exist to the same degree, but, 
on the other hand, the Ottocycle motors have only 
one power stroke out of four strokes, so that they 
depend largely on a fly-wheel to keep them in 
motion when working slowly near the limit of 
their capacity. In motor vehicles, where a large 
fly-wheel is impracticable, this drawback to the 
most commonly eniployed type of gasoline motor 
is overcome by using two, three or four cylinders 
with the pistons working on the same crank shaft, 
180, I20 or 90 degrees apart, so that the explosion 
in any cylinder helps in performing induction, 
compression and exhaust strokes in the others. 

Etienne Lenoir, a self-taught French engineer 
of great versatility, invented a gas engine in 1S59, 
but the theory of the modern gas engine dates 
from 1862, when Baau de Rochas, another French 
engineer, formulated the theory of the op)erations 
to be carried out. 

Four conditions were laid down bv him as 
essential to efficiency. First, the largest cylin- 
drical volume with the smallest circumferential 
surface; second, the maximum speed of piston; 
third, the greatest possible expansion; fourth, the 
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highest pressure at the beginning of the expan- 
sion. To obtain these results he considered it 
necessary to use one cylinder only. First, that 
it might be as large as possible; and, second, 
to reduce the piston friction. In this cylinder he 
proposed to use the following cycle in four con- 
secutive piston strokes. First, the drawing in of 
the charge of gas and air ; second, the compression 
of the gas and air; third, the ignition at the dead 
point with subsequent explosion and expansion; 
fourth, the discharge of the products of combustion 
from the cylinder. This cycle, known as the Beau 
de Rochas cycle, is now used in almost all gas 
motors; but, although published in 1862, it was 
not until 1876 that Otto produced a practical .en- 
gine (exhibited in 1878 at the Paris exposition), 
which utilized the cycle of Beau de Rochas. 

Before entering upon a description of the details 
in modern hydro-carbon motors (pertaining to the 
regulation of the gas mixture when drawn from 
gasoline or petroleum, the various systems of 
ignition, the cooling of the cylinders, and the 
transmission and running gears of hydro-carbon 
motor vehicles), a description of one or two of the 
best known types of motors may be given as a 
foundation for the better understanding of all 
other styles. 

Figs. I, 2 and 3 illustrate an early style of a 
motor designed by Gottlieb Daimler, of Cannstatt, 
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Germany. (Daimler died March 6, 1900, sixty- 
six years old. He was known in Paris and to the 
engineers' profession generally as "the father ot 
the automobile.") 
G. Daimler and Carl Benz (the latter still living 
at Mannheim, Germany) 
wen the first who ap- 
plied the gasoline engine 
til llie driving of vehicles. 
They produced in 1886 a 
motor tricycle and a four- 
wheeled motor carriage, 
re.ipectively. The motors 
I these have be- 







come the proto- 
types for the motors 
used to-day, not 
only in vehicles 
manufactured at 
the Daimler works 
and Ihe Benz works 
in Germany, but al- 
so for many of the 
designs adopted 
in France and England. The Panhard-Levassor 
style of vehicle which has won nearly all of the 
French long-distance races is equipped with the 
Daimler-Phcenix motor, which is an outgrowth 
of the first Daimler motor and resulted from 
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the co-operation in Paris between Daimler and 
Levassor. In the United States the Daimler 
motors have been used for marine craft, but 
not so far as known for motor vehicles, although 
Daimler works in England and Germany turn 
out not only pleasure vehicles but also the 
best-known of the heavy freight wagons that are 
operated with internal -combustion engines. 

The motor illustrated is of the four-cycle, two- 
cylinder type, so that an impulse is obtained for 
each revolution of the crank-shaft. The forward 
part *of the cylinder, instead of being thrown open 
to the atmosphere, opens into a compartment 
which also incloses the crank-shaft and fly-wheels. 
This compartment is air-tight, and is provided 
with an automatic admission valve. All the 
valves on the Daimler motor are what are known 
as poppet valves, that is, they are closed auto- 
matically by a spring. The operation of the 
motor is as follows: 

We will assume that a charge of air and gas has 
been admitted to cylinder A (Fig. i), and that the 
piston has been propel led forward by the pressure 
generated by the explosion. In traveling toward 
the crank-shaft compartment, air, or a mixture of 
air and gas, is compressed in the compartment, 
and as the piston reaches the limit of its forward 
stroke, a valve in the piston is automatically 
opened, and this compressed charge is allowed to 
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enter the cylinder as soon as the pressure behind 
the piston is less than in the inclosed compart- 
ment. At this instant, the exhaust valve has been 
opened, so that there is a clear outlet from the 
cylinder into the exhaust. The compressed air 
from the compart- 
ment, therefore, 
sweeps through the 
cylinder, and the 
products of com- 
bustion are crowd- 
ed out together 
with the com- 
pres'^d air as the 
piston returns to 
Its origmal positioo. 
As It again starts 
forward owing to 
the impetus of the 
iij wheel resulting 
from its former 

vacuum is formed 
m the c>l nder A, 
and a harge of a r ind gas i^ allowed to enter 
through the valve D (Fig. 3). This mixture is to 
be of fixed proportions, and when the valve in the 
piston is again opened the charge of air, or mix- 
ture of air and gas from the closed compartment, 
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mixes with the charge admitted by: the valve D ; 
the pressure from both equalize in the cylinder, 
the proportions of the change being such as to 
produce the desired mixture. The piston now 
returns and compresses the charge, which is 
ignited by the heated tube T (Fig. 2), when the 
dead point is reached, and the piston is thus 
given another impetus forward. 

The fly-wheel is shown in the side elevation in 
Fig. 2. This wheel has two circular grooves con- 
necting with each other. During one revolution, 
a sliding block connected to the valve rods (Figs. 2 
and 3) is arranged to travel in the outer circle and 

then in the inner circle, at every revolution 
changing from one to the other. By this means, 
the valve rod is brought in contact with the 
exhaust valve E, and this valve is raised from its 
seat, allowing the products of combustion to escape. 
Upon the valve rod being lowered, a retractile 
spring returns the poppet valve to its seat. The 
admission of the air and gas is automatic, as the 
suction in the cylinder allows the valve D to open 
inward and the gas and air to be admitted to the 
cylinder, the valve returning to its seat as soon as 
the piston starts to compress the charge. 

Ignition is effected by means of a hot tube ; a 
system which is still preferred by many, although 
it is now fast giving way to improved methods of 
igniting by electric spark. A pilot light or burner 



42 INTERNAL-COMBUSTION MOTOR SYSTEM 

maintaina the tube T at a suitable temperature, 
anil in order to ignite the charge at the proper 
time the proportion of air and gas during the 
latter part of the admission period is varied. 
That is, the charge is 
or less diluted with 
D that when the pis- 
presses the charge into 
the ignition tube, the 
attual time at which the 
Ignition takes place de- 
pends upon the quality ' 
tf iSe charge which is in 
the tube, and the quality 
la regulated by a small 
valve in the gas 
pipe. 

The speed of the 
engine is controlled 
by a governor act- 
ing upon the ex- 
haust valve ; it pre- 
vents the rod from 
lifting the exhaust 
valve from its seat, 
n the cylinder a pressure that 
does not allow a fresh charge being admitted ex- 
cept at intervals consistent with the speed desired. 
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The Daimler motor was first patented in this 
country in August, 1886. This early patent covers 
the grooved cam for controlling the action of the 
exhaust valve, and the specification describes a 
method of circulating air on the outside of the 
cylinder in order to prevent the cylinder from 
becoming overheated. The second patent, granted 
in September, 1886, covers the method of ignition 
by varying the mixture of the gas during the lat- 
ter part of the admission period ; also the feature 
of governing the speed of the engine by prevent- 
ing the exhaust from operating. This patent is 
the one which covers the method of admission of 
the charge of air, or combustible mixture, the sys- 
tem of expelling the products of combustion and 
thus clearing the cylinders, also the admission of 
part of the charge, either as a combustible mix- 
ture or as air, by means of the valve in the 
piston. The third patent, granted in 1889, pro- 
tects the feature of the two cylinders connected 
with one crank shaft and the compressing of the 
air or mixture into one compartment. In the 
smaller Daimler engines no water jacket is 
used. 

Among the motors which are in use abroad for 
light motor vehicles, motor tricycles and for pac- 
ing machines on the bicycle race tracks, those of 
the De-Dion-Bouton system have gained the great- 
est celebrity, being manufactured early and on a 
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large sca^e, and are now being fitted to similar 
vehicles in this countn*. 

Fig. 4 shows a diagram by which the operation 
of tliese motors may be readily understood, the 
drawing showing all the parts plainly, but not 
exactly in the manner in which they are arranged 
in the motor in reality. 

To the left is the vaporizing chamber of the car- 
bureter, in which the gasoline contained in the 
lower half is brought into contact with the air 
entering by the tube A, and made to pass between 
the horizontal plate B and the surface of the 
liquid; the carbureted air then rises, as shoMm by 
the arrows, and enters the double valve C, shown 
below in deUiil, by which it is mixed with an 
additional quantity of air, which enters by the 
orifice D, at the top; the mixture then p»asses to 
the motor by means of the tube E, The admix- 
tui'e of air is regulated by the handle on the left, 
and tV.e supply o( g-as by that on the right. The 
float F ser\*es to indicate the le\*el of the gasoline 
in the carbureter by means of a rex! which passes 
thTx>ugh the tul>c of adnussion; and the tube 
itself is avraT^gx^d to slitle up and down in order 
to maintait\ a ^\M\staut difliM^Tioo between the 
horistontal plato atul llie s\ufav^ of the liquid, 
this \y\i\X^ \>cix\^ M\m\\c\\ tx> thf? lowi^r end of the 
tulvCs 
• To otMnin \uufovu\ tx^stiUs fixMU ih^t e.xplosive 
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mixture, the temperature of the liquid gasoline 
should b« kyit as uniform as possible. 

In order to avoid, the cooling of the gasoline by 
evaporation, it is warmed by means of the tube G, 
through which passes a portion of the hot gas 




Fig. 4. DiaKram 



escaping from the motor. By this means a nearly 
constant temperature is obtained fora given speed 
of the motor. 

The cylinder H of the motor is of cast steel, 
with projecting flanges which serve to increase its 
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radiating surface and prevent overheating ; above 
is the chamber J, in which the explosion of the gas 
takes place ; at the top of the chamber is the valve 
K, which admits the gas coming from the car- 
bureter ; the valve is normally closed by means of 
the spring S, whose pressure is regulated so as to 
allow the valve to open upon the descent of the 
piston. Opposite is the exhaust valve L, which 
permits the waste gases to escape after the explo- 
sion ; to the valve L is attached a rod which passes 
through the cover of the exhaust chamber and en- 
gages with a cam, M, which, by pushing up the 
rod, opens the valve at the proper instant, this 
valve being normally closed by the spring r. 

At W is shown the igniter, consisting of two 
copper rods passing through an insulating bush- 
ing, and so arranged as to allow a spark from the 
induction coil to pass to the interior of the cham- 
ber for the ignition of the gas. The piston O is a 
hollow steel casting, provided with three packing 
rings, and carrying the wrist-pin. The piston is 
connected with the inclosed fly-wheels Q and R, 
and with the shafts S and T, by means of the 
piston-rod P. The shaft S carries a pinion which 
engages with another of twice its diameter, oper- 
ating the small shaft above, t, which carries two 
cams; the cam to the right serves to open the 
exhaust valve once in every two revolutions, while 
that to the left acts upon the lever arm U, carry- 
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ing the contact V of the induction coil, by means 
of which a spark is caused to pass at W, thus 
igniting the gas contained in the chamber of the 
motor. This induction coil is operated by four 
dr)'^ electric piles. 

When the piston descends, it produces a vacuum 
in the top chamber, by the action of which the 
valve K opens, admitting the detonating mixture 
from the carbureter ; when the piston rises, it com- 
presses this gas, and the valve of admission closes. 
At the instant of the second descent of the piston 
the cam actuates the lever, making contact with 
the induction coil, upon which a spark passes, 
causing an explosion of the gas, which pushes the 
piston with sufficient force to cause it to pass 
twice through the same position ; when the piston 
rises after its descent, it compresses the residual 
gases of explosion, and at this instant the cam M 
lifts the exhaust valve, and the gas leaves the 
motor by the exhaust pipe Y. When the piston 
redescends, this valve closes and the upper valve 
opens, as before, to admit a fresh supply of gas ; 
and so on. 

It is to be noted that the above-described De 
Dion-Bouton motor is provided with a special 
combustion chamber extending to one side of the 
cylinder, while in most other motors the upper end 
of the cylinder is utilized for combustion. By this 
irregular shape of the chamber J, an enlarged 
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radiating surface is obtained which serves to cool 
the combustion chamber more quickly after each 
explosion, and thereby prevents premature 
explosion of a charge, a provision which is of 
considerable importance in small motors de- 
signed to operate with great piston speed and, 
consequently, rapid succession of explosions, 
and yet without utilizing water for cooling pur- 
poses. 

The stop-cock N, at the top of the combustion 
chamber, is designed to be opened when the motor 
is started, if the operator desires to make the start 
easier. All internal-combustion motors must be 
started by hand power in order to draw in the first 
charge of gas mixture and compress the same 
before the first explosion stroke can be made ; and 
for this purpose a crank is usually provided with 
gasoline motor vehicles, by which the motor shaft 
may be given the initial rotations before the motor 
mechanism is connected with the driving gear of 
the vehicle. In some modern vehicles the driver 
may perform this hand work by means of a lever 
operated from his seat, but ordinarily it is done 
while standing on the ground beside the vehicle; 
and the awkwardness of this starting method has 
so far been one of the most serious inelegancies of 
hydro-carbon motor vehicles. With large cylin- 
ders the exertion required for the initial turning of 
the motor shaft is considerable, on account of the 
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resistance that the explosive mixture offers against 
compression. 

When the stop-cock N in the De Dion-Bouton 
motor is opened this resistance is relieved while 
the combustion chamber yet retains a considerable 
portion of the gas (on account of its special form), 
and the explosion which follows, while weakened, 
is generally sufficient to carry the fly-wheel 
around and help overcome the resistance at the 
next compression stroke; whereafter the cock N 
may be closed, and the motor will continue to 
work from its own energy. 

In small vehicles, such as motor bicycles and 
tricycles equipped with pedals by which the rider 
may assist propulsion, the use of a starting- crank 
is, of course, superfluous, as the rider can impart 
the first impulse by means of the pedals, but, as 
most riders of these machines prefer not to use the 
pedals except in emergencies, the start is in reality 
usually made by pushing the machine along for a 
short distance before mounting; or having another 
person push it. 

It is also a favorite method with larger motor 
vehicles to have them started by a person on the 
outside, the driver in that case connecting the 
motor and driving mechanism first, so that the 
rotation of the wheels will be transmitted to the 
motor shaft. But with freight wagons and heavy 
loads, that may not be easily pushed, the driver 
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is, as a rule, compelled to start the motor going 
first and connect the transmission gear after- 
wards ; a fact which renders it necessary to em- 
ploy some method of connecting the transmission 
gear, as by friction clutches or belt, which will not 
be easily broken when the connection is being 
effected. With a perfectly positive gear connec- 
tion, there would be considerable danger of break- 
age from the shock received from the motor in 
motion, especially when the start is uphill or 
otherwise presents unusual resistance. 



CHAPTER ir 

CARBURETERS AND KINDRED DEVICES FOR MIXING 

AIR AND VAPOR. 

The reliability of gasoline motor vehicles de- 
pends very much upon control of the fuel supply. 
Each power stroke of a three-cylinder motor in a 
vehicle that weighs about 800 pounds with its 
load, and is driven over a good road at a speed of 
about ten miles i>er hour, requires only about 
One-third of a drop of gasoline to be evaporated 
and mixed with air. If more gasoline is used 
than required the quality of the mixture is 
changed, as the suction stroke of the piston can 
only draw in one cylinderful, and if there is an 
excess of vapor there must be a shortage of air. 

The most violent explosion is produced by a 
proportion of one volume of vapor to eleven of air, 
but it has been found the best practice to make 
tbe proportion of air larger, and thereby make the 
power more tractable. 

As in steam engines power and speed are regu- 
lated by the amount of steam admitted to the 
cylinders, so it is the modern tendency to control 
power and speed in gasoline engines by the qual- 
ity of the explosive mixture; or, as in one case 
described in the chapter on Modern Motors, by its 
quantity. 

51 
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Dealing wnth very small quantities of gasoline 
for each induction stroke, it has, however, been 
found exceedingly difficult, in the past, to obtain 
uniform results if the variations in speed of the 
vehicle were allowed to interfere with the adjust- 
ments by which the generation and admission of 
gas mixture were regulated. 

If the piston speed were reduced at the same 
time as the speed of the vehicle slackened, for 
example, on account of a grade in the road, the 
induction stroke would be slower, and, with the 
devices commonly in use, the amount of vapor in 
the mixture would be reduced. By this the force 
of the subsequent explosion would be changed 
(either weakened or strengthened, according to 
circumstances), and if weakened the speed of the 
vehicle would be still more reduced; the next 
explosion would be still weaker, and so on until 
the vehicle would come to a standstill. 

This is only one of the many complications that 
may arise if construction of a vehicle is such that 
the quality of the gas charge must^depend upon 
the speed of the suction stroke of the piston — ' 
besides temperature and other minor variable 
factors — and the speed of this stroke varies "with 
the speed of the vehicle. 

In attempting to solve these difficulties, French 
motor vehicle engineers have generally adopted a 
construction by which the motor speed remains 
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nearly constant, the gasoline in the vapor gener- 
ator or "carbureter" being kept as nearly as pos- 
sible at a uniform temperature, while the speed 
changes of the vehicle are effected by means of 
variable-speed gearing or by tightening or loosen- 
ing a driving-belt or friction-clutch. Their exam- 
ple has been extensively followed in this country; 
but lately another method has been gaining 
ground. This consists in measuring the liquid 
gasoline to be used for each explosion by means of 
a diminutive pump, actuated by a cam or gear 
wheel from the motor shaft and under control of a 
hand-actuated lever, and depositing this fraction 
of a drop of gasoline in the constricted portion of 
the duct through which the atmospheric air is 
taken into the cylinder; the proportions of air and 
gasoline being so adjusted that the gasoline de- 
posit under all circumstances will be fully evap- 
orated and absorbed in the air current. 

Of the two methods the latter leads to control of 
vehicle speed by regulation of motive power and 
motor speed, but has not so far been sufficiently 
tried in motor vehicle practice. 

Different devices known as "atomizers" or 
"mixers" stand midway between the carbureter 
and the micrometer-pump systems, and are at 
present commonly used in American gasoline 
motor vehicles, and examples showing their mode 
of operating will be found in the following chapters, 
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The French carbureting system, however, is aldfa 
extensively used in American motor vehicles, and 
is still being advocated by many competent engi- 
neers as the most reliable one for practical results 
«t the present stage of the motor vehicle industry, 
and it is, therefore, necessary to understand the 
principle of these car- 
I buretors, while keeping 
mind that their use 
i-i heretofore been con- 
nected with either 
a complicated 
transmission gear 
including many 
variable - gear con- 
inces and operating 
ers, or dependence 
u]K)ii driving belts of variable 
tension for speed changes. 
All exception must be noted 
istructions. per- 
FiE- 5, Uaimiet fcctcil vcry lately in France, in 
which speed control is effected 
by producing internal resistance to the exhaust 
stroke of [he piston by blocking the passage for the 
exhaust gases. (See description of Valine's system, 
p. oo, ) This method can be used successfully only 




with a multi-cylinder motor, 
quires to be supplemented by ! 






mofco 
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trol over the explosive charge in order to obtain 
sufficient range of power without going below the 
minimum of motor speed that is indispensable for 
satisfactory work. 

It is also true that the power and speed of the 
explosion stroke may be modified within certain 
limits by v^arying the time of ignition and causing 
the explosion to take place before or after the 
highest compression of the charge has been 
reached; but even very skillful drivers find it 
difficult to make proper use of ignition adjustment 
while on march, and utilize their adjustment 
mostly to neutralize the effects of varying temper- 
ature on the action of the carbureter, i. e., as an 
offset to uncontrollable variations in the quality of 
the explosive mixture. 

In the previous chapter a brief description of 
the De Dion-Bouton carbureter was given. In 
Fig. 5, the Daimler carbureter is illustrated. 

A small gasoline tank, A, contains a float, B, 
which rests upon the gasoline. The float contains 
a central funnel connecting with the main body of 
the liquid in the tank. The liquid is thus main- 
tained at a constant level in the funnel, but is 
isolated from the main body of the liquid. The 
funnel is arranged to slide upon a central guide, 
which is hollow and supplies heated air to the 
main supply of gasoline. The air is heated by 
means of a jacket carrying the exhaust gases on 
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their way to the atmosphere; this jacket sur- 
rounds the air pipe. The heated air is then con- 
veyed into the principal body of gasoline, thus 
becoming impregnated with the vapor, and this 
carbureted air is delivered through the valve G, 
where it is mixed with atmospheric air. 

Fig. 6 illustrates one of the best-known French 
carbureters, the "Jupiter," in which the gasoline 
passes from the main storage tank, by a pipe. A, 
into an intermediary chamber provided with a 
float, C. As the level of the fluid in the inter- 
mediary chamber rises, it passes out by the pas- 
sage E, and goes up the vertical tube F. The 
parts are so arranged that when the level of the 
fluid has reached a point close to the top of the 
pipe F, the float C rises, and the inlet pipe A is 
closed by means of the needle D. As the level of 
the fluid in the apparatus falls, the float C and the 
needle D also fall, thus allowing the fluid to pass 
along the pipe A. Air is drawn in through the 
opening G, and projected against the piece F. 
The latter is of special form, its exterior surface 
being conical and provided with three helicoidal 
grooves. The effect is to cause the indrawn air in 
rising to travel round the piece F, a preliminary 
mixture of the air and fluid taking place at the top 
of the said piece F. Arranged in an upper cham- 
ber are two small fans, H and Hi, which, under 
the effect of the suction stroke of the motor, re- 
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volve automatically, further intermingling the air 
and vapor ere the carbureted air passes out 
through the opening I to the explosion chamber of 
the motor. The opening G can be reguUted so as 
to allow any desired quantity of air to pass into 
the carbureter, while a regulating device k pro- 




claimed that the carbureter, after once being 
regulated, gives a constant and steady supply of 
carbureted air. and that it can be employed for 
different sizes of motors, it only being necessary 
to enlai^e or reduce the vapor outlet in the 



piec 



Of special i 



t among the French dev 



for regulating the admission of gas mixture is that . 
used in the Henriod vehicles, because it works 
as well with alcohol as with gasoline, and 
is designed to act independently of variations in 
temperature, this latter valuable feature, if it is 
really attained, being dt^e to the same provision 
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which is characteristic of the most modem Ameri- 
can devices, namely, that of exposing no more of 
the liquid gasoline (or alcohol) to evaporation 
than is required for each explosion. To distin- 
guish it from ordinary carbureters it has been 
called a ** distributer, " and it forms part of a 
vehicle construction that has been proved un- 
usually reliable, at least for travel over French 
roads. During the week of the Paris-Bordeaux 
races in 1899, an eight horse-power Henriod car- 
riage covered in all 2,400 kilometers, or 1,488 
miles, without accidents of any kind, and 565 
kilometers of this distance at a speed of seventeen 
miles per hour. The motor is notable for being 
the only two-cylinder gasoline motor as large as 
eight horse-power for which no cooling water is 
required. 

The Henriod "distributer" (Fig. 7) is composed 
of a cylinder, C, with valves A and B, one above 
the other. The stem A of the lower valve passes 
through the whole apparatus, and A is actuated 
directly by the suction of the motor. The up|>er 
end of its stem is threaded to receive a nut, E, 
into which is also screwed a threaded bolt, V, 
whose lower extremity will abut against the upper 
end of the stem valve B when valve A is opened 
to a certain point. The distance between the bolt 
V and the stem valve B may be regulated by the 
screws so as to alter the inter-action between the 
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valves at the pleasure o£ the driver. Valves A 
and B are held to their seats by springs R and r, 
respectively. 

In the guide-piece surrounding valve B a cylin- 
drical chamber, M. is formed which is in direct 
communication with the gasoline {or alcohol) tank 
by an orifice (shown in 
two dotted circles). When 
valve B is opened the 
liquid passes from tliis 
chamber m through the 
orifices O, O, and spieads 
itself over the upper sur- 
face of valve B. This 
conical surface has circu- 
lar grooves which retain 
the liquid. 

The chamber N has, 
on its wall, orifices d, d, 
through which the outer 
air is drawn in by the 
depression of the valves, so a 
with the two valve surfaces, 
gasoline (or alcohol) vapors in passii 
grooves in valve B, and passes then into the space 
F, which also has a circular groove, into which the 
surplus of gasoline from valve B falls. Through 
the orifices di, di, in the walls of chamber F, the 
outer air again mixes itself with the vapors and 




to bring it in contact 
This air absorbs the 
passing the circular 
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completes the carbureting process. The orifices d 
and di are automatically closed by rings, Ni and 
F2, whose rotation around the distributer may be 
regulated to diminish or increase the size of the 
air channels; but, once made, the regulation is 
permanent, as the admission of liquid is unvary- 
ing. 

The air, before admitted to the distributer, is 
heated by passing through a box surrounding the 
'^ exhaust pipe. 

Compared with the best modem American 
vaporizing devices, the Henriod "distributer** is 
deficient in not including means for regulating the 
supply of liquid fuel, but, as the Henriod carriage 
is intended to be operated with unvarying motor 
speed, regulation is, from the constructor's stand- 
point, unnecessary. It may be doubted, however, 
if his method of allowing the gasoline to percolate 
into the "distributer" between two cylinders, one 
fitting closely into the other, is sufficiently ac- 
• curate to secure an unvarying supply of the liquid. 



CHAPTER HI 

THE QUESTION OF MOTOR SPEED 

It may here be well to take note of some of the 
reasons why the unvarying motor speed is not a 
feature which is likely to be looked upon with 
favor in American vehicles. It necessitates, as 
before mentioned, frequent operation of variable- 
gear devices or the use of a driving-belt which 
may be manipulated to slip more or less on the 
pulleys over which it runs. In France, and most 
other countries where a high form of civilization 
antedates the construction of railroads, the high- 
roads are, as a rule, hard and smooth, and the 
operating of gear changes is practically unneces- 
sary except in the exigencies created by congested 
traffic, and in the case of steep grades on the road. 

On the soft, rough and variable roads of the 
United States, on the other hand, the occasions 
for effecting speed changes are exceedingly 
numerous. Now it may be a depression in the 
road surface which would jolt the carriage sev^erely 
if taken at the ordinary speed of travel; again, it 
may be mud, sand or frozen ruts, a short stretch 
of steep incline, a creek to be forded, an unfin- 
ished approach to a bridge, or any other of the 
accompaniments of an imperfect road system. 

61 
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Under these circumstances the operation of the 
vehicle is likely to become an onerous task, as 
each manipulation of a change-gear device or 
tightening of a driving-belt requires muscular 
exertion ; in this respect differing materially from 
the manipulation of a lever by which the power 
supply may be regulated as is the throttle of a 
steam engine or the switches of an electric 
vehicle. 

But perhaps the most serious obstacle to the 
adoption of constant motor speed for hydro-carbon 
motor vehicles lies at another point. Constant 
motor speed means constant power development. 
and, if the vehicle shall have a considerable re- 
serve of power to enable it to climb grades and 
otherwise discharge unusually heavy work, the 
power supplied by it when traveling at ordinary 
speed over ordinary roads must be largely in 
excess of the power that can be consumed in 
effecting propulsion. This surplus of power must 
be expended somewhere, and is, in the majority of 
gasoline motor vehicles, expended in jarring the 
whole vehicle in a manner disagreeable for its 
occupants and fatal to the durability of the whole 
mechanism. 

Great efforts have been made to produce motors 
so ''balanced" that the surplus power will expend 
its force in setting up internal and mutually oppo- 
site stresses in the motor proper, which stresses. 
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by neutralizing each other, should be prevented 
from jarring the vehicle; and considerable prog- 
ress has been made in this respect, but it still 
remains a fact that all gasoline motor vehicles 
operate most satisfactorily when the entire power 
supplied is consumed through high speed. 

To prevent misunderstanding it may here be 
observed that the expression, "constant motor 
speed," is somewhat misleading. Even if the 
supply of gas mixture is unvarying for each ex- 
plosion, and even if a governor device limits the 
number of explosions per second to a certain 
maximum, there are always variations, down- 
ward from this limit, due to load and lesistance. 
Suppose a vehicle runs at a speed of twenty miles 
per hour on the level, and this speed is produced 
by a motor speed of 1,200 shaft revolutions per 
minute (or ten explosions per second), working 
with the highest gearing of the transmission 
mechanism, the moment a heavy piece of road is 
reached the speed of the vehicle may be reduced, 
and this speed reduction, arising from increased 
resistance, will react upon the piston speed, 
increasing the intervals between explosions. The 
power development, which depends in part upon 
the frequency of explosions, will be reduced 
correspondingly; and thus the anomaly arises 
with this type of construction that the more 
power is required to overcome resistance the less 
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will be supplied. This will quickly lead to a 
dead stop of the vehicle unless the driver turns 
on a lower transmission gear and thereby restores 
the motor's ability to run up to its full sp>eed. 
In fact, the skill of the driver consists largely 
in so operating the transmission gears that the 
motor is always checked by the governor, but 
not by the load. But this means, on the other 
hand, that the motor is always developing more 
power than can be utilized, and therefore results 
in more or less vibration of the vehicle. This is 
the result of the system which employs the car- 
bureter and "constant motor speed"; and this 
system, while perhaps acceptable where good 
roads reduce the range of required power develop- 
ment to a minimum at the same time as they 
make a high average speed practicable, becomes 
singularly unfitted for the United States, where the 
opposite conditions prevail, namely, wide diver- 
gencies in the power required for the propulsion 
of any given vehicle under the varying conditions 
of travel, and frequent necessity for a slow p>ace. 
The Ameiican line of progress runs, in full 
accordance with this reasoning, in the direction of 
controlling the speed of vehicles by increasing or 
reducing the power of each explosion through 
regulation of the fuel supply, while using g^ear- 
changes only for extreme cases. This involves a 
wide range of motor speeds, and compels the use 



INTERNAL-COMBUSTION MOTOR SYSTEM 65 

of more than one, and preferably three or four, 
cylinders, in order to keep the motor shaft revolv- 
ing when the motor is working at slow speed. 
Also in Europe the latest tendencies among motor 
vehicle engineers favor speed control by power 
legulation, but there are many difficulties yet to 
be overcome, and these for the present make the 
carbureter system the preferred one for practical 
vehicle purposes, especially where it is modified 
as described with reference to certain construc- 
tions mentioned elsewhere in this book. 

In this country the desire to see the hydro- 
carbon motor vehicle developed to that point 
where the control of the motor power may be as 
nicely regulated as is the supply of steam power 
by means of the throttle, is sharpened by the 
lively competition which has here sprung up be- 
tween gasoline motor vehicles and light vehicles 
operated by steam power, which leave nothing to 
be desired in regard to the adaptation of power to 
the work or smooth, noiseless travel; but in prac- 
tice the progress which has been made in this 
respect has not yet been incorporated in any of 
the styles of gasoline motor vehicles which are 
being actually manufactured, while it is very nota- 
ble in the production of motors which have not 
yet been adapted to vehicle purposes. 

The nearest approach to a hydro-carbon motor 
which shall equal the steam engine in flexibility of 
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power is, perhaps, that designed by Marius Mar- 
monier, of France, and described on another page, 
and the Secor kerosene motor, made in this 
country. 

The practical difficulties referred to arise 
chiefly trom the explosive nature of the po'wer 
stroke of the piston, which renders a high motor 
speed necessary if abruptness and jerkiness in the 
propulsion of the vehicle shall be avoided. The 
greater the number of cylinders (working on the 
same motor shaft), the less this necessity will be 
felt, and the greater will be the range within 
which the power of each explosion may be rege- 
lated to correspond with the resistance to propul- 
sion, but it seems that there must always remain 
serious objections to lowering the motor speed 
below a certain minimum, which may, per- 
haps, be put at 500 shaft revolutions per minute 
for a duplex motor, but may be reduced somewhat 
when a larger number of cylinders is employed. 

At a lower speed a loss of efficiency occurs from 
cooling of the expansive gases during the slow 
piston stroke, [and from the inability of the fly- 
wheel to equalize the impulsions of the motor. 
Under such circumstances, it would be necessary 
to raise the power developed at each explosion by 
regulation of the quality or quantity of the explo- 
sive charge higher than would be necessary if the 
power were delivered uniformly to the transmit- 
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sion gear; and the result would again be fitful 
propulsion, vibration, tremor and deterioration of 
the mecnanism. 

The snortcomings of the hydro-carbon motor 
which have here been mentioned are responsible 
for several combination constructions by which it 
is the object to make the gasoline motor store up 
power in some form which may be utilized at the 
pleasure of the driver. Such are the motors in 
which the gasoline engine drives one or more air- 
compression pumps and stores the air in a tank 
from which it is drawn upon to drive the piston of 
an auxiliary cylinder; or motors which drive a 
dynamo that stores electricity which is utilized 
through an electric motor. 

There are others who are endeavoring to devise 
hydro-carbon motors in which the explosive mix- 
ture would be delivered in a steady stream and 
fired and expanded by some process of continuous 
combustion in a tank, from which it should then 
be fed to aii engine as steam from a boiler ; but no 
notable progress has been made in this respect. 

The best that may be hoped of the near future 
from hydro-carbon vehicles resolves itself, accord- 
ing to the foregoing, into a vehicle in which the 
speed reduction from motor shaft to the shaft of 
the driving wheels is sufficient to allow the motor 
shaft to revolve at, say, 500 revolutions per min- 
ute while the vehicle, with minimum load, travels 
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at the slowest practicable gait over a level 
and hard roail; and in which gp"eater power may 
be developed by manipulating a lever controlling 
the fuel feed and pnxlucing greater motor and 
vehicle speed or stronger traction at the same 
speed, commensurate with the load and other con- 
ditions of travel. By the addition of a motor 
brake, acting to obstruct the exhaust, sufficient 
control over the lowest speeds (below three miles) 
may be gained ^with a multi-cylinder motor) to 
make a constructi(m of this kind as ag^reeable to 
travel with as any steam or electric vehicle. 
Vum\ present indications, it seems that a sufficient 
range of power may be obtained in this manner 
without making the capacity of the cylinders or 
combustion chambers variable (as in the Mar- 
monier motor, p. oo). if only the fuel regulation is 
aicurate and minutely graduated, and the system 
of ignition reliable even for much-attenuated g^as 
mixtures. 

It seems somewhat remarkable that nothing has 
yet been done to facilitate the use of cylinders of 
variable capacity, by devising some form of piston 
conniction with tlie motor shaft, by which a varia- 
tion in the piston stroke would be made possible. 
With the customary design, the simplest plan for 
obtaining power range without fuel regulation 
probably consists in an arrangement for cutting 
one or more cylinders out of action for low speed 
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or light loads, and admitting them for high speed 
or heavy loads, and this expedient may, of course, 
also be employed in connection with a system of 
variable gas charges, and would contribute to 
remove the chances for disagreeable odor result- 
ing from imperfect combustion of a weak charge. 



CHAPTER IV 

CONSTRUCTION FEATURES OF AMERICAN GASOLINE 
MOTOR VEHICLES — THE VALL^E SYSTEM 

To enter very deeply into a study of the trans- 
mission gearing, motor construction and con- 
trolling apparatus of each and every American 
gasoline motor vehicle would not repay for the 
labor, as the designs and expedients used are con- 
stantly undergoing changes and simplifications. 
A few examples \W11 suffice to show the general 
character of the mechanical means employed for 
converting the hammering power stroke of the 
explosion engine piston into an equable and vari- 
able force for the propulsion of vehicles at any 
desired speed. 

Among the early forms of construction that 
adopted by Mueller, of Decatur, 111., may be men- 
tioned briefly, because it is an adaptation of the 
system well known in Europe as the "Benz.** It 
has not entered extensively upon the stage of 
manufacture in this country, however. 

In these automobiles (Fig. 8) the frame of the 
running gear is made of steel tubes, a, which are 
utilized for carrying the cooling water, being con- 
nected by smaller tubes with the water-jacket b of* 
the motor cylinder; a connection is also made 
with a system of tubes crossing and recrossing in 
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front of the vehicle, thus furnishing an increased 
cooling surface for the engine cylinder. 

The power is transmitted, by a chain and belts 
on pulleys of various sizes, to the countershaft c 
which transmits the power by chains to the drive 
wheels. A differential gear, d, is used, as is 
always the case in single-motor vehicles, as. when 
turning, it allows the outside wheel to revolve 
faster than the inside wheel. 

The gasoline vehicles made by the Lewis Motor 
Vehicle Company, which are largely of the style 
intended for merchandise-delivery service, are 
equipped with a single-cylinder four-cycle motor, 
designed to be run at "constant speed," and de- 
pend upon the manipulation of the transmission 
gears for changes of speed and load. 

The transmission gearing (Fig. 9) is, therefore, 
the most notable feature in their construction. 
The power is transmitted by friction pulleys from 
the motor to the countershaft, by gear wheels 
from the countershaft to a second countershaft, 
and by chain and sprocket from the latter to the 
differential gear on the rear axle. The small pin- 
ions on the countershaft are faced with rawhide. 
The illustration shows the position of the friction 
pulleys which gives the highest speed. 

The second speed is secured by moving the 
countershaft laterally; by this means, the large 
pulley on the countershaft is brought in contact 
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with the smaller pulley on the crank-shaft, and the 
small pinion into engagement with the large gear 
on the driving's haft. Very slow speed is obtained 
by causing slippage between the friction pulle>s 
one end of the countershaft being held m an 




Fig. 9. R. 



Vehicle 



oscillating bearing, which has a connecting rod 
carried forward to a rock-shaft actuated by the 
operator's foot; the latter brings the friction disks 
into engagement, and is the means of giving any 
variation of speed from zero to the second speed. 
To reverse the power, the rock-shaft is tipped for- 
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ward, and the lever under the driver's seat on the 
right side is brought to a vertical position, thereby 
throwing a small friction pulley into engagement 
with the slow-speed friction pulleys on the coun- 
tershaft. 

A water tank is located immediately under the 
footboard of the vehicle. A pipe leads from the 
water jacket of the cylinder to the top of this 
tank ; then from the bottom of the tank to the top 
of the cylinder jacket. Connected with the pipe, 
at a point near the cylinder, is a small rotary 
pump that produces a constant circulation of 
water through the water jacket, tank and pipes. 
This pumj^ is operated by a pulley and belt con- 
necting with a pulley on the crank-shaft On the 
front of the vehicle, entirely covering the dash- 
board, is a condenser consisting of a number of 
horizcmtal pipes with the ends connected to head- 
ers, themselves connected by pipes with the water 
tank just mentioned. On the opposite side of the 
vehicle and parallel to the motor is an elongated 
cylinder, or expansion chamber, connected by 
pipes to the combustion chamber of the cylinder, 
and acting as a muffler. 

Among other American motor vehicles in which 
the ingenuity of the transmission and operating 
gear arrangement is relied upon for adjusting the 
I)ower of a single-cylinder motor to variations in 
load and speed, the Win ton carriages have at- 
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tracted much popular attention, being among the 
earliest motor vehicles that were manufactured 
and sold in considerable number. A carriage of 
the style shown in Fig. lo completed a successful 
journey from Cleveland to New York at an aver- 
age speed of about fifteen miles per hour, and 
without any other serious accident than the break- 
ing of the front axle. Within certain limits, the 
operator of a Winton carriage may control its 
speed by throttling the admission of gas mixture, 

• 

but otherwise the construction follows those lines 
which are being abandoned by most designers in 
favor of more flexible multi-cylinder motors, less 
weight and less machinery. Good working results 
are attained in the Winton vehicles by intelligent 
selection of the mechanical elements and rigorous 
exclusion of expedients that have not proved dur- 
able. The feature most highly valued by their 
users is the arrangement by which one operating 
lever may be used for starting and for backing, 
while the other operating lever is sufficient for all 
ordinary operations on the road except steering. 
When this lever is in a vertical position, both the 
brake and the fast go-ahead clutch are out of 
operation. The movement of the lever in a for- 
ward direction applies the clutch, and the brake 
band is still further slackened. The movement of 
the lever in a backward direction beyond a verti- 
cal line applies the brake and releases the clutch ; 
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it is impossible to apply the brake when the clutch 
is applied, but a s[iigle movement of the lever puts 
the engine out of gear with the driving-shaft and 
applies the brake. The other lever operates the 
backing clut(;h and the slow go-ahead clutch by a 
similar movement.. 

Duryea motor vehicles, based on Duryea pat- 
ents, are manufactured in several factories, and 
are recognized as being the earliest type of gaso- 
line motor vehicles especially designed for Ameri- 
can condi- tions. They 
have been ^^^^^k very success- 
ful in speed ^f^F^^^^ contests 
since 1S9;, ^S^^-I^^^F ""* ""^'^ ''' 
this country V^^^^B^^^ '^"^ ^'^'^ ''^ 
Europe. All ^^^^^^ Duryea vehi- 
clesarerear- Fig. 11. Compaci Three- driving, with 
,. . ., Cylinder Molor. , , 

the weight placed well 

over the driving wheels; and front steering, with 
the steering wheels placed well forward, making 
a long wheel base in order to minimize the likeli- 
hood of side slip. 

Fig. II shows a Duryea three-cylinder motor. 
A two-foot rule lying across one end of this shows 
its size, as used in most of the vehicles manufac- 
tured for pleasure purposes. It is i3 inches 
square by 10 inches deep, with a fly-wheel 16 
inches by 3 inches outside this space on the crank- 
shaft. The cylinders are 414 bore by \\i stroke. 
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A single feed-pipe supplies all three cylinders at 
the head of the motor, and a single exhaust cham- 
ber, lying on top of cylinders, carries the gases to 
the muffler; similarly the wiring for electric igni- 
tion and the cam gear for operating valves is little 
more complicated than for a one-cylinder motor. 




ee-Whi 



The most efficient piston ■Jpeed is about 500 revo- 
lutions, but this may be \aried to as low as 75 
turns per minute on good roads and as high as 
1,000. The regulation is iccom pi 1 shed partly auto- 
matically by the load and road resistance, and 
partly by the fuel admission which is under com- 
mand through the single operating lever. The 
"mixer" operates as a siphon, the induction stroke 
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drawing in air through a pipe in the center of 
which is a smaller tube leading to the gasoline 
supply. The passage of the air draws the liquid 
gasoline into the air pipe in a finely-divided spray 
and vaporizes it. The quality of the mixture is 
varied by throttling the air current. 

All the working parts are on top in plain sight, 
where they can be easily gotten at or taken care of 
when they need attention. The cover over the 
crank-shaft can be quickly removed, and the 
crank-shaft, the connecting rods and the pistons 
easily reached. Oil cups screw into each cylin- 
der, and oil from the cylinders finds its way to 
the crank-shaft case and keeps all bearings therein 
oiled by splashing. Peep caps are provided for 
the purpose of examining the valves or sparkers, or 
watching the sparks in operation. Unless very 
high speed is required, no timing device for vary- 
ing the point of ignition is used, but the gas mix- 
ture is ignited at its highest compression. 

The transmission device consists of a direct con- 
nection by sprockets and chain from motor shaft 
to rear axle at all ordinary speeds on level ground. 
In addition, three friction c.utches connect the 
motor and the vehicle, and vary the speeds for 
slow or backward driving. These clutches may 
also be used as a brake. A brake is also applied 
to the inside of the large sprocket on the driving 
shaft or rear axle. 
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Fig. 12 illustrates a three-wheeled Duryea 'deliv- 
ery wagon. 

The French De Dion-Bouton construction for 
light motocycles has been adopted in this country 
by the Waltham Manufacturing Company, and 
these vehicles are illustrated in Figs. 13 to 16. 
Fig. 17 shows the motor, the operation of which 
was explained and illustrated in a previous chap- 
ter (Fig. 4, p. 45). It may here only be added 
that the fly-wheel in these motors takes the form 
of two balanced disks (u in Fig. 17), which re- 
volve in a crank chamber partly filled with oil, so 
that lubrication of crank-shaft and piston takes 
place automatically when the motor is working. 
Tandems and tricycles of the type illustrated have 
been frequently used for pacemaking at bicycle 
races during 1899. When thus used, the mufflers 
are generally removed from the vehicles in order 
to get the highest possible speed development, 
and under those circumstances the noise from the 
exhaust is therefore much more noticeable than 
when the motocycles are used for pleasure riding. 

Motocyc'es of very similar design and motor 
power are made by the Can da Manufacturing 
Company, and are called Auto-Quadricycles. 

In Olds gasoline motor vehicles, the motor is 
mounted on the truck, leaving the carriage box 
free from incumbrance by machinery, and the 
motor mechanism together with the clutches, for 
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gear speed changes, is enclosed in a single cas- 
ing. The ignition is regulated by the operating 
lever so as to produce late firing when the vehicle 
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is started and early firing when greater speed has 
been reached. The starting operation also re- 
lieves compression of the explosive mixture until 
the motor is going. By late firing, when the 
motor is at a standstill, the impulsion from the 
first explosion acts upon the piston when the 
crank of the motor shaft is past the dead point, 
and when the mechanism, therefore, is in the best 
position to be started going. 

In the illustration given of a Hertel carriage 
(I^ij^. 1 8), made by the Oakman Motor Vehicle 
Company, it is noticed that each front wheel is 
mounted so as to have an independent vertical 
movement assisting the carriage in conforming to 
a rough road surface. The entire motor mechan- 
ism and driving gear is accessible for caretaking 
and light repairs, at a convenient height, by rais- 
ing the sheet metal tailboard of the wagon. ^ 

The i)()wer transmission is by means of V-fric- 
tion jnilleys on each end of the countershaft, which 
internally engage leather-covered rings secured to 
the rims of the driving wheels. The V shape of 
the rings and grooves taken in connection with 
the leather covering of the large diameter ring^ 
makes the friction drive efficient with a very light 
pressure. The countershaft carries a twenty-four 
pound fly-wheel, and is driven by two pinions 
meshing with two spiral gears on the crank-shaft. 
These gears are quite noiseless in action. Above 
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the motor and under the seat are two tanks sepf,- 
rated by a small space. The left is for storage of 
gasoline, and carries about two galloas. Inside 
this tanli is a carbureter, and on top of the tank a 
safety valve, which prevents excessive pressure. 




lotot Tricycle wiihTrai 
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The right tank is for water, and has a capacity of 
Bix gallon.. 

By throwing in the low gear, keeping the motor 
running and the friction pulleys in contact with 
the driving rings, the speed of the wagon is con- 
trolled by the motor, and 
the speed of the motor is. 
to a certain extent, deter- 
mined by the operator, 
lely, in so far as the 
gaa mixture may be 
varied by throttling the 
air inlcl. The sup- 
ply of mixture is 
controlled by the 
grip on top of the 
lever which rises in 
front of the seat, 
and is limited by a 

n^H storage battery 
] to supply electric 
^nt for sparking. Id 
starting the motor. When 
the motor is started the battery is cut out by 
a switch on the seat, and current is taken from 
an electric generator driven from the fly-wheel by 
means of a friction pulley. Unlike most other 
gasoline motor vehicles, the wagon Is started from 
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the seat by moving a lever to and fro. This 
hand lever, operated with the left hand, starts and 
stops the motor, changes the speed, engages and 
disengages the driving mechanism, releases and 




sets the brakes; in fact, controls every operation 
except gear changing and steering. 

The L<iomis Automobile Company makes three 
styles of vehicles, among which a 2}4 horse-power 
park wagon that weighs only 315 ponnds. All the 
machinery is hung in a casing under the rear 
axle. The cooling of the motor is accomplished 
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entirely by radiation, so as to obviate all dangler 
from freezing of water if the carriage is left stand- 
ing in winter time. 

The Detroit Automobile Company makes seven 
styles, weighing from 1,200 to 2,000 pounds. They 
are all started from the seat by the same lever by 
which the friction clutches and the reverse gear 
are operated. The motor has two cylinders of the 
ottocycle type, normally turning the motor shaft 
at the rate of Goo revolutions per minute, at which 
speed the vehicles travel five miles per hour when 
the friction clutches are firmly set to lowest gear 
speed. 

A radical departure in construction has been 
inaugurated in a carriage made in New Haven. 
Conn. The motor is composed of four cylinders 
operating on a cycle of eight strokes instead of the 
usual four, so as to give one explosion for each 
turn of the shaft, namely, one in each cylinder 
every fourth turn. The time elapsing between 
explosions makes water cooling unnecessary, and 
no cooling devices are emploj-ed except a few 
radiating ribs over the explosion chamber. The 
gas mixture is regulated by the usual siphon 
device, but in order to have each cj^linder miss 
every other induction stroke, a governor, operated 
by compressed air, holds the exhau.st valves open 
and the admission valves closed, when required, 
so that nothing but air is taken in and expelled; 
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and the air serves to cool the cylinders on the 
inside. The compression of the charge, with this 
arrangement, amounts to a resistance of 45 pounds 
in cylinders 3^-inch diameter and 5|^-inch stroke, 
four of which produce six horse-power. The vol- 
ume of air passing through the "mixer" (and 
thereby the composition of the gas and the speed 
of the motor under given conditions) is regelated 
by a graduated disk valve controlled by an attach- 
ment to the main operating lever. 

The power transmission is by means of a raw- 
hide bevel pinion on the motor shaft engaging 
w^ith two clutch gears, one for forward and the 
other for reverse motion. The clutch gears work 
on a hollow countershaft which contains a rod 
which actuates two clutch collars, making one or 
the other of the two bevel clutch gears tight on the 
countershaft. On one end of the countershaft is 
the normal speed gear, and on the other end the 
slow gear, and these engage two driving gears on 
the rear axle, driving at normal or slow-gear speed 
according to which driving gear is clutched to the 
axle. A hand brake surrounds the compensating 
gear, which is of the customary design. 

As an example of simplicity in construction and 
modern use of a motor brake for governing the 
power of the motor a description of the French 
Vallee vehicle now follows, which is of special 
interest because it shows one of the latest French 
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types, and one which, perhaps, comes as near to 
answering American requirements as any so far 
produced in this country. 

The illustrations (Figs. 19 and 20) show only the 
frame and running-gear, which may be used with 
varying designs of carriage body. 

The motor is placed in the front portion of the 
vehicle and comprises four cylinders operating on 
the Otto cycle, giving two impulsions to the motor 
shaft for each revolution. The motor speed is 
limited by a governor, and the ignition is by elec- 
tric spark. The power is transmitted to the rear 
wheels by the belt G which connects pulley H* on 
the motor shaft with the drum H on the rear axle. 
There are thus no change gears at all in the con- 
struction. All speed changes are effected either 
through the motor organism or by allowing slip- 
page of the driving belt. 

When the highest speed is permissible the gov- 
ernor limits the motor to its normal high speed. 
When a slower pace is wanted the driver de- 
presses the pedal B (Fig. 20), which partially or 
entirely closes the exhaust, thereby producing an 
internal resistance to the exhaust stroke of the pis- 
ton which retards the motor speed. The driver 
may also advance or retard the ignition by the 
usual device for this purpose, and thereby influ- 
ence the motor speed within certain limits. 

Referring to the illustrations, the box A contains 
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the cams that control the exhaust, the ignition ap- 
paratus and the governor. The carbureter I is 
placed in front. On the pipe which connects it 
with the cylinders is the stopcock by which the 
explosive mixture is regulated through operation 
of the rod F, and on the exhaust pipe running 
alongside of it is the stopcock by the turning of 
which the speed of the motor is regulated ; it is 
actuated either by the governor (at the highe.st 
speeds), or by the pedal B as before mentioned. 

The frame of the vehicle is entirely of steel 
tubes. 

The drum H contains within it the differential 
gear K and the reverse gear J, controlled by the 
lever E. The transmission belt is very broad, 
and may be tightened or slackened by the lever 
D, which acts by pushing the rear axle backward, 
the carriage springs by which the axle is con- 
nected to the frame being arranged to slide, in the 
manner plainly shown in Fig. 19. 

Two mechanical brakes are provided to comply 
with French legislation on this point; one acts by 
expansion inside of drum H, and is actuated by 
the pedal C, and the other, a shoe brake, is actu- 
ated automatically when the driving belt is slack- 
ened by lever D, and acts externally on drum H. 
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CHAPTER V 

KJNITION, COOLING AND EXHAUST 

There are two methods in common use for ignit- 
ing the explosive mixture in hydro-carbon motors, 
i. e., hot tube and electricity. As the hot tube is 
not used in automobiles in this country, we will 
not enter into its description in detail 

The problem of producing unfailing ignition of 
the explosive charge in hydro-carbon motors is one 
of the most important which faces the designer 
and engineer, because the best motor becomes 
tricky and useless unless absolute dependence can 
be placed in this function. 

The electric spark is theoretically the ideal 
means of ignition, but much trouble has been 
experienced by designers, either from ignorance 
of the laws of electricity or on account of the 
extraordinary conditions which attend the making 
of the spark in the hydro-carbon motor cylinder. 
There is in reality nothing very difficult or 
troublesome in this application of electricity, if 
only the conditions that surround it, from both a 
mechanical and electrical standpoint, are thor- 
oughly understood. Most designers in their early 
electrical experiments have tried to use the Rhum- 
korff or induction coil. The theoretical advantage 
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of this apparatus is that the spark does not require 
actual contact of the electrodes, but, from the 
intensely high pressure of the induced or sparking 
current, will leap across a considerable air space, 
and thus the necessity for mechanical contrivances 
and perishable electrodes is done away with. 

However, the difficulties attending the practical 
use of this current are almost, if not quite, insur- 
mountable in hydro-carbon motor practice, as the 
intense current, by its very nature, resists all ordi- 
nary means of insulation. The engineer is, there- 
fore, forced to resort to other methods. 

The best spark-apparatus consists of from five 
to ten cells of good battery, sending a current 
through a carefully made spark coil. 

The spark coil is, strictly speaking, an induction 
coil, but, in trade, an induction coil is understood 
to refer to a coil made with one or two layers of 
coarse wire, through which an interrupted battery 
current of moderate power is sent ; this coarse wire 
winding is covered with another winding of many 
thousand feet of very fine, carefully wound wire, 
between the terminals of which the induced spark 
passes. The true spark coil, on the contrary, con- 
sists simply of a core of soft iron wires, upon 
which from six to fifteen layers of well-insulated, 
comparatively coarse copper wire are wound. 
This is connected with a primary battery of such 
power that, if the terminal wires are brought into 
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momentary' contact with each other, at the 
moment of separation a spark jumps between the 
separating electrodes. Both the length and in- 
tensity of this spark are important in the ignition 
of a hydro-carbon mixture, and are determined by 
the number and character of battery cells in use, 
and also, in a large measure, by the character and 
care used in the manufacture of the spark coil. It 
must be made of the purest materials, thoroughly 
insulated and carefully protected from the effects 
of moisture and mechanical damage. 

To produce the spark in the cylinder, it is 
necessary to provide two pieces of metal (elec- 
trodes) electrically insulated from each other. 
The action of "the engine must bring these into 
contact at such a time that their separation will 
occur just when the explosion is desired. This 
contact and separation can, of course, be timed to 
take place at any point in the stroke, and it is this 
feature which makes electric ignition so ideally 
perfect and productive of such excellent and most 
economical results. 

In the practice of hydro-carbon motor manufac- 
turers, the methods of making the contact are as 
various as the motors themselves; but the de- 
signer of this part of the motor must keep in mind 
two important conditions attending a perfect 
spark. The contact between the electrodes must 
be absolute, and the break or separation should be 
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as sudden and as wide as possible. For this 
reason, some form of a wipe-contact is generally 
employed, the electrodes being arranged to slip by 
one another. This insures a continual cleaning of 
the surfaces, hence a good contact, and, if there is 
sufficient spring, a wide separation; the spark fol- 
lows and attempts to bridge the break; hence a 
wide break makes a long spark. 

Mere length is not the only requisite of the 
spark; it should be "fat," and have considerable 
heating effect. This will be known by its color, 
which should be a rich yellow, with considerable 
illuminating power, as contrasted with the least 
desirable spark, which is thin and pale-blue in 
color, and has but little power to ignite an attenu- 
ated mixture. The character of the spark depends 
largely upon the battery used, and almost as much 
on the spark coil. The storage battery, or ac- 
cumulator, gives the best current fof this purpose, 
as it is very constant and maintains its pressure 
very evenly until it is exhausted. Where there is 
an electric current available for charging accum- 
ulators, they will be found very satisfactory, if of 
a good type. 

In some hydro-carbon motors where the spark 
apparatus has been carefully designed from an 
electrical standpoint, the use of a high-class sal- 
ammoniac battery is admissible, and, in some 
such cases, these batteries have a record of from 
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six to eighteen months' continuous service with- 
out any attention. In the use of the sal-ammoniac 
battery, the insulation in and about the motor is of 
more immediate importance than when the con- 
stant current battery is employed; and, at this 
point, manufacturers have often been led into 
trouble by the fact that some of the best insulators 
are entirely unfit for practical use. Means which 
can be employed in ordinary electrical practice are 
entirely inadmissible in the cylinder of a hydro- 
carljon motor. The intense heat and the enor- 
mous preHsure are the two most trying conditions. 
Some kind of iK)rcelain would be a satisfactory 
insulator, but there is some danger of breaka^ 
fioni shoe-k, although by careful design and con- 
struction this can be avoided to a large extent. 
Next in value is good mica, but in practice asbes- 
tos is th(.' insulator most generally used. There 
can be no objection to a proper thickness of asbes- 
tos if the material is good, but a large amount of 
trouble lias resulted from the poor character of 
some of the asbestos on the market Mineral 
wool is used largely to adulterate this material, 
and as mineral wool is mostly a product of the 
blast furnace and contains considerable iron and 
other conducting substances in its composition, it 
is obvious that much trouble is to be looked for 
where this adulteration has been practiced. 
Every sam^^le of insulating material should be 
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thoroughly tested electrical l:y. This can be done 
by simple and well-known means, thCis saving a 
vast amount of trouble. After the motor is set, 
the various insulated joints should be carefully 
tested, not merely with the current from the 
sparking battery, but by a magneto-bell, or, better 
still, by a careful measurement of the electrical 
resistance. 

The spark mechanism in its simplest form is 
simply an electrode on the piston head, which 
comes in contact with a fixed, insulated electrode 
in the head of the cylinder. Where no rubbing 
contact is attempted, the contact surfaces should 
be thoroughly protected with platinum, a metal 
which is not readily burned by the electric spark, 
and thus always presents a clean surface for con- 
tact. But this form of contact makes a very short 
spark, as it takes place at the very time when the 
piston is at rest. To increase the length of the 
spark, the fixed electrode, i. e., the one on the 
cylinder head, is sometimes made of spring metal, 
so as to snap past the movable electrode. 

Many plans have been resorted to to obtain this 
action in the best manner, for, of course, the great 
heat in the cylinder draws the temper from any 
kind of spring, although in some engines com- 
paratively large iron bars have proved very satis- 
factory ; the spring, while not being very violent, 
being sufficient to insure a rubbing contact and 
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considerable separation of the electrodes. In the 
best designs, however, the electrical mechanism is 
separated from the piston and is actuated by cam, 
gear or eccentric on the motor shaft outside of the 
cylinder. It can thus be timed right, and any 
amount of motion can be g^ven the electrodes, 
even at the instant when piston-head electrodes 
would be in unmoving contact. 

The latest form of ignition apparatus does away 
with primary batteries, and substitutes storage 
cells of a known quantit}-. These are kept 
charged by a small generator connected by belt or 
friction device with the motor, giving a constant 
source of supply to the accumulators. 

Closely associated with the question of ignition 
i^ that of tempering the heat absorbed by the 
walls of the combustion chamber, and especially 
the parts adjacent to the admission valve, after 
each explosion, so that the next explosive charge 
will not be fired before the electric spark is made. 

The time limits within which the required re- 
duction in temperature must be effected are very 
narrow, and are determined by the rotary speed of 
the motor shaft, two revolutions of the shaft cor- 
responding to one explosion (in each cylinder) in 
an Ottocycle motor. As a motor speed of 1,200 
revolutions per minute is very comm^on for small 
motors, and 2,500 not unheard of, the fraction of a 
second in which the cooling must take place is so 
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very small that its duration can barely be con- 
ceived mentally. Those not familiar with the 
action of gas engines may, however, fcMTn an ap- 
proximate idea by tapping very rapidly with the 
point of a lead pencil on a piece of paper, while 
holding a watch to time the operation for five 
seconds ; if the dots made on the paper count up 
to 50 in five seconds, the tapping corresjxmds in 
rapidity to the succession of explosions in a one- 
cylinder motor going at 1,200 revolutions, or 600 
explosions, |>er minute. The time between the 
taps is nearly four times as long as the time 
allowed for cooling the cylinder. 

In a motor with two or more c}-linders, the 
chance to cool is increased b\' two factors: (i) 
other things equal, each c}-linder may be smaller 
than in a one-cylinder motor, and (2) it may be 
worked with smaller shaft sjjeed. 

That a small cylinder coo!s more rapidly th^,n a 
large one depends upon the mathematical fact 
that the surface which radiates heat is larger in 
proportion to the capacity of the cylinder than in 
the larger cylinder, areas being determined by the 
square of linear dimensions, but volume Ccapacity) 
by the cube. 

The means employed for cooling vary in acc^-^-d- 
ance with this simple principle. In very small 
motors radiation is sufficient if the cylinder is n/j 
placed that it is freely exposed to the action of the 
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surrounding atmosphere, but in order to increase 
the radiation the cylinders are provided with ribs 
or flanges as shown in Figs. 4 and 17. The same 
is the case with larger motors of the multi-cylinder 
type, if each of the cylinders is small; but there is 
usually a loss of radiation from the necessity of 
placing the cylinders close to each other, so that 
the air cannot play freely upon them all. 

In most multi-cylinder motors it is, therefore, 
preferred to surround the cylinders with a jacket 
filled with water and connecting with a water 
tank, and the water is kept in circulation by a 
pump operated by a connection with the motor 
shaft. 

If the water absorbs so much heat that it is 
brought to the boiling point, the steam generated 
is generally disposed of through the exhaust pipe 
of the motr)r, and the water must then be periodic- 
ally renewed. 

In most modern vehicles the water jackets and 
the water tank are studiously exposed to radiation 
in order to prevent the water from reaching the 
boiling point, and thus avoid the inconvenience of 
renewal and the troubles that would ensue if the 
supply were depleted unawares. 

Other precautions are taken to make air radia- 
tion sufficient, or at least reduce the quantity of 
water to be carried. 

In the famous "Duke" style of pleasure and 
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racing carriage, of which an example is shown in 
Fig. ai, and which is very common in France, the 
cylinders are placed vertically in the very front of 
the vehicle, and are provided with large radiation 
flanges fully exposed to the action of the atmos- 
phere by lattice openings in the frout and rear (or 
top) of the box containing them. 
In certain makes provision is made for introduc- 




ing cool air to the inside of the cylinders between 
explosions, and one of the latest racing vehicles of 
the Daimler type lieeps a fan revolving to assist 
in cooling when the vehicle is going at a slow gait, 
or is standing still with the motor running. 

The greatest difficulties in regard to cooling 
have been experienced with two-cycle motors on 
account of the rapid succession of explosions at a 
given speed, but most of the small marine motors 
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now used in the United States are nevertheless of 
this type, of which an illustration is g^ven in Fig. oo 
p. oo, and it is claimed that all danger of prema- 
ture ignition has been removed, and that these 
motors are perfectly reliable. But they have not 
as yet been tested extensively for automobiles. 

The burnt gases contained in a cylinder after 
the power stroke is finished retain a large part of 
the expansive energy produced b}- the combustion, 
and seek an outlet with considerable force. If the 
exhaust valve opening and the exhaust pipe by 
which they are permitted to escape are too small, 
an obiectionable commotion and noise will accom- 
pany this function; and, in fact, more or less 
pufllng is always caused at the exit where they 
commingle with the atn.osphere, unless an efficient 
mu filer is interposed to diffuse and equalize the 
pun\ 

Sometimes the pressure of the gases is partially 
relieved by a |K>rt in the side of the cylinder, said 
|)ort Iving over-traveled by the piston so as to be 
open only at the moment when the piston is at the 
end of the jxnver stroke and the beginning of the 
expulsion stroke. 

The exhaust valve is usually located in the head 
of the cylinder, and is opened and clased by a 
]x^sitive gear-connection with the motor shaft. 

In mt>st nwlern motors a c(»nsiderable portion 
of the burnt gases is retained in the cylinder and 
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or partially closes the exhaust valve orifice, and 
thereby retards the expulsion stroke. More im- 
portant is the method of throttling the exhaust by 
means of a hand-operated lever, and thereby con- 
trolling the speed of the vehicle in all its stages 
without severe muscular effort. Reference is 
made to this form of motor-brake elsewhere in 
this book, but it is still doubtful in this country to 
what extent the method may be utilized without 
risking premature ignition of the next charge. 

As an example of muffler design there is pre- 
sented in Fig. 22 an illustration of the muffler used 
in Duryea vehicles. It consists of three cylinders, 
one within the other, each having its ends closed 
except to admit a pipe, a, for the exhaust gases. 
The first or interior cylinder has three cones pro- 
vided with perforations which diffuse gases com- 
ing from the combustion cylinder and the steam 
from the water jacket surrounding this cylinder. 

When the gases enter the first cylinder under 
high pressure, they encounter the cones, and are 
passed into the second cylinder under lower pres- 
sure. Leaving this cylinder at the opposite end, 
they retrace their course, under still lower pres- 
sure, into the third and last cylinder, passing out 
at nearly atmospheric pressure and almost noise- 
lessly. 



CHAPTER VI 

MODERN GASOLINE MOTORS— GOVERNORS 

The motors mentioned in this chapter, while not 
known to have been applied to any of the motor 
vehicles which are obtainable in the market, are 
among those most advanced designs for other than 
vehicle purposes from which good results may be 
expected also for automobile work. 

In two or three modern four-cycle motors, barely 
out of the experimental stage, the liquid gasoline 
is pumped into the air tube through which the 
motor draws its fill by the suction stroke and is 
vaporized by the passage of the air, no more, 
hydro-carbon vapor being mixed with the air than 
the deposit of liquid gasoline permits. By regu- 
lating this deposit the composition of the mixture 
may thus be regulated without throttling the air 
supply. The diminutive gasoline feed pump is in 
these motors worked from the motor shaft, and 
the quantity of gasoline which it deposits for each 
explosion depends entirely upon the adjustment of 
the pump stroke and not upon the velocity of the 
air current created by the induction stroke of the 
piston, which varies with the motor speed. So far 
as known the designers of these modern motors 
have not gone to the length of also varying the 

105 



Io6 INTERNAL-COMBUSTION MOTOR SYSTEM 

quantity of air admitted by providing arrange- 
ments for shutting the admission valve before the 
suction stroke of the piston is completed, bat con- 
struction of this nature may perhaps be looked for 
in a near future, and would apparently contribute 
to giving the motors a wider range of power. 

One of the latest motors to be adapted for auto- 
mobile work is the Yale two-cycle engine. As in 
other two-cycle motors, the gas mixture is first 
drawn into the air-tight crank-chamber, and is 
from there transferred to the space above the pis- 
ton after being compressed by the power stroke 
and after the burnt gases occupying the explosion 
chamber have been released through an exhaust 
port in the cylinder wall. In the Yale motor, the 
transfer takes place through an external connect- 
ing pipe that opens into the middle portion of the 
cylinder wall, just above the piston when the 
latter is at the end of the power stroke, and into 
the top of the crank chamber. In the illustration 
Fig. 23 are shown the main parts of the motor. 
The crank shaft is shown to the right; against it 
rests the rotar^^ valve plate M, which in use slips 
over the end of the crank shaft and fits loosely on 
a boss made to receive it. The plate M is driven 
positively by the small pin R, shown on the left- 
hand crank throw, and is spring-seated on the 
crank case cover C, shown at left of fly-wheel. As 
the crank revolves (in a spray of oil) this plat^ 
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opens and closes the suction port S and transfer 
port A wich certainty. 
The system of vaporization consists essentially 




FIk, 2i. Diagrsm of Vale Moior. 
of a supply tank, ii, Fig. 24, which is somewbat 
Um-ar than the receptacle K, and a gasoline di^ 
culating pump L, which, while the engine is nm- 
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ning, pumps a small amount of gasoline into the 
receptacle K, which is attached to the air suction 
pipe H. In order to make this reliable, the pump 
L pumps faster than the gasoline is used, the sur- 
plus flowing back into the tank. This results in 
an even height of gasoline in feceptacle K. 

As the air is sucked into the suction pipe H, 
through openings i and 2, it siphons up the re- 
quired amount of gasoline, which is adjusted by a 
micrometer screw, 4, and one adjustment only is 
necessary for a given engine. 

The speed of the engine is controlled by two 
throttling valves on one stem, operated by the 
hand-lever 5 (or by an automatic governor), and 
these valves adjust the flow of air to siphon up 
varying amounts of gasoline according to the 
speed and power requirements. No change or 
adjustment is required from summer to winter 
running, as the explosive mixture is further mixed 
and also warmed by the violent agitation it re- 
ceives in the crank case, previous to its transfer to 
the top side of piston, and by the subsequent 
compression before the explosion takes place. 

The maximum speed of this motor is 500 shaft 
revolutions per minute, which corresponds in fre- 
quency of explosions to 1,000 revolutions of a one- 
cylinder four-cycle motor ; but the motor is made 
with two or three cylinders as well. It is cooled 
by water jacket around the explosion chamber. 
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A two-cycle motor with one, two or three cylin- 
ders is made under patents by Charles Sintz, one 
of the American pioneers in gasoline engine con- 
struction, which is remarkable not only for being 
a two-cycle motor but still more because it is 
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reversible and sell-starting. It is used extensively 
for boats. 

Fig. 25 gives a sectional diagram of the cylin- 
ders, and Fig. 26 a front view of a three-cylinder 
motor. Although this motor runs regularly at 
1,200 revolutions per minute, the poppet valves by 
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which the explosive mixture is admitted twenty 
. times per second, are said to operate reliably 
The mixture is first admitted to the cranit case, 
■which is air-cight, and it will be seen from the dia" 
gram that the power stroJte also compresses the 
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compresses it and draws a new charge into the 

crank chamber. 

The three crank chambers in a three-cylinder 
motor are distinct and separate, though the crank 
shaft runs through them all. Any air communica- 
tion between them would make compression im- 
possible, as the compression-work done by one 
piston would be neutralized by the suction strokes 
of the others. 

The reversing of this motor is effected by means 
of the igniting device, which is actuated by three 
eccentiics, a, b and c, on the same shaft (Fig. 26). 
They may be turned by wheel d, which is oper- 
ated by lever e. 

By causing the ignition to take place before the 
piston has completed its back stroke, it is readily 
seen that the piston will be sent back and the 
rotary motion of the motor shaft will he reversed, 
unless the energy of motion is sufficient to carry 
the piston to the end of its compression stroke. 
In this case the reversal will take place at the next 
revolution. The illustrations are from American 
Machinist, September 14, 1899. 

A gasoline motor hitched to a light load will 
ordinarily work itself up to a fantastic speed if left 
to follow its natural tendency to self -acceleration ; 
still, this speed may be of short duration, because 
a point may be reached when premature ignition 
would be likely to result from overcompression of 
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the explosive charge or overheating of the cyl- 
inder; or the admission valve would fail to act 
with the required promptness. Complete stop- 
page might be the result if the ignition were 
affected, but in most other cases the motor will 
settle down to a maximum speed interrupted by 
an occasional failure to accomplish the explosion. 
Most constructors consider it necessary to limit the 
normal highest speed somewhat below this maxi- 
mum, and use for this purpose a governor usually 
operating on the centrifugal principle. Others 
simply reduce the exhaust port or valve to such a 
size that the resistance to forcing the exhaust 
gases into it, limits the motor speed automat- 
ically. 

A governor may be designed to operate on the 
ignition device (preferably by retarding ignition), 
or on the gas admission mechanism, but the 
majority of modern governors are designed to act 
upon the exhaust valves. 

One such governor device is described in the fol- 
lowing. Fig. 27, being selected for description be- 
cause it operates automatically at the highest 
desired speed, and may also be manipulated as a 
speed controller at lower speeds. The illustration 
shows an elevation and a plan view. 

It is composed of the parts hereinafter de- 
scribed: a, a are the valves actuated by a tumbler, 
b, which is worked from the engine ; c is the axis 
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of the tumbler, which is mounted in a block which 
slides in a groove, d, formed in a cam, e. 
The function of this cam is to taise the axis of 




the tumbler or lower it, accordingly as the engine 
does more or less work. The tumbler, on being 
raised or lowered, presses more or less upon the 
calve spindles and alters their travel, for this cam 
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turns about a pivot, f , located slightly to the right 
of the center of the cam groove d, and the 
arrangements are such that when the sector is in 
its extreme position on the right, the center of the 
groove is at its lowest position; the axis of the 
tumbler is then in its lowest position, and the 
engine is working at its maximum. 

If the engine is working too quickly, the ball 
governor g pushes the cam to the left and causes 
the tumbler axis to be raised. 

The variations in the travel of the valves are 
continuous by reason of the sector or cam being 
curved, and the valves can pass from their maxi- 
mum opening to zero, that is to say, to stopping 
the engine. 

The governor g, when the speed increases, 
causes the sleeve h to be lowered and to press 
upon the lever i, fixed upon a spindle j, which 
carries at its other end a two-armed lever k, one 
arm of which is attached to the spring 1, and the 
other joined to a small connecting rod m, pivoted 
to the sector e at n. The spring 1 has for its 
object to limit the action of the governor and allow 
a power varying from zero to the maximum to be 
assigned to the engine by means of its greater or 
less tension. 

If the spring 1 be fully stretched the lever j will 
be brought into the position 2-2 (the position i-i of 
the lever being considered as the mean position). 
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Consequently the cam e is dissplaced by the con- 
necting rod m towards the right, in such a manner 
that the block carrying the axis c of the tumbler 
turns into its lowest position oorresponding to the 
maximum travel of the valves, that is to say. to a 
maximum power of the engine. 

If the spring 1 be completely relaxed the lever k 
will come into the extreme position 3-3, and the 
axis of the tumbler will correspond to the mini- 
mum travel of the valves, and each phase of ten- 
sion of the spring 1 will correspond to a given 
power of the engine. Maximum tension corre- 
sponds to the greatest power, and no tension to 
zero. 

The governor can only act when it has over- 
come the tension of the spring, so that the power 
of the engine can be regulated in advance by 
regulating the spring by hand, and the governor 
has for its object only to govern the speed of the 
engine, as soon as the resistance to be overcome is 
less than that which corresponds to the tension of 
the spring. 

The tension of the spring may be adjusted as 
desired, either by a hand lever or by a pedal. 

A motor which has called forth a great deal of 
comment in France is that illustrated in Figs 28 
to 32. It is designed by Marius Marmonier, of 
Lyons, France, and furnishes a highly interesting 
subject for study, because it exemplifies more 
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completely than any other motor, American or 
European, ttie modern efforts for rendering the 



Fig. 2S. Plan and Horiionlal Seclion of Manronier's Malor. 
explosion mr>tor as tractable and flesible as the 
steam engine, while retaining the compactness 
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and enhancing the economy of the ordinary gaso- 
line motor. It is described as follows: 

Marmonier tries to obtain as large a variation of 
power as possible by varying the capacity of the 
combustion chamber. The quantity of burnt 
gases remaining in the cylinder chamber after 
each exhaust stroke is reduced or increased in 
direct proportion to the volume of fresh vapor 
admitted, so that at the moment of the subsequent 
explosion, the proportion of fresh and burnt gases, 
as well as the compression, remains the same over 
the entire range of variable admissions. 

Cylinders A are open at both ends. The pis- 
tons B are connected by the shanks b, and the 
cranks m to the motor shaft. Counter pistons P 
are connected by the rods T and the rigid yoke G. 
The disk D, geared to half motor speed, carries on 
each of its faces a cam, d, which regelates the 
to-and-fro movements of roller studs E, which 
through rods K control the slide F, imparting to it 
an oscillating movement during the admission and 
compression strokes. C is a bolt formed in two 
parts, which may be moved up and down in the 
slotted sides of the slide, being actuated by the 
adjusting screw M. A nut, N, working upon the 
screw M, engages the bolt C with two pins, so 
that the nut moves up or down with the bolt C 
when the screw M is rotated. The yoke I carries 
the fixed pivots Z, around which the slide F oscil- 
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latea, and also the standard L, which is connected 
with the screw M by means of a Cardan joint 
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projecting ends of bolt C, following the displace- 
ments of the latter along the slide ; at the other 
end it is jointed to the yoke G. The rods K, 
above mentioned, are jointed at their lower ex- 
tremity to the lug g, which is integ^l with slide 
F. R is the automatic admission valve, and S the 
exhaust valve, which is controlled by the cam J on 
the half- speed shaft. 

The motor operates as follows, only one of the 
cylinders being considered, as the operation of the 
other is the same: 

Suction stroke. The cam d displaces studs E 
which cause slide F to oscillate from right to left. 
If bolt C is so placed that its axis is on a line with 
the pivots Z, rod H and the counter-piston P will 
remain unmoved. There will then be full admis- 
sion of fresh gas equal in volume to that displaced 
by the piston stroke. But if C occupies a position 
lower on the slide, rod H causes counter-piston P 
to move inward in the cylinder at the same time 
as piston B travels its suction stroke, and by this 
action the quantity of fresh gas admitted will be 
reduced. The lower C is placed on the slide the 
greater will the reduction be, and when C is at its 
lowest possible position the stroke of the counter- 
piston will equal that of piston B, and no fresh 
gas will therefore Ix? admitted. If C, on the other 
hand, is above pivots Z, the slide will oscillate in 
the other direction, and the counter-piston will 
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move outward, enlarging the space in the cylinder 
and adding its own suction stroke to that of pis- 
ton B. 

Compression stroke: The studs E continue to 
roll on cam d; the slide oscillates from left to 
right (if previously from right to left), and the 
counter-piston returns to its initial position. 

Power stroke and exhaust stroke: The studs E 
roll on the concentric portion of cam d, and slide 
F and counter-piston remain stationary. Piston B 
makes the power stroke and expels the burnt gases. 

Besides the effect of the counter piston move- 
ment upon the gas admission, it is to be noted that 
the space between the pistons is reduced when C 
is low on the slide, and that, therefore, the volume 
of burnt gas remaining in the cylinder after the 
expulsion stroke is correspondingly reduced, and 
that the subsequent compression of the smaller 
gas charge admitted remains unchanged because 
it takes place in a correspondingly smaller space. 
In other words, the quality of the charge remains 
always the same, the slide being so shaped as to 
bring about this result even at the extreme posi- 
tions of C, whether below or above the fixed 
pivots Z. At the lowest position, when there is 
no gas admission at all, the connter-piston abuts 
against piston B, and follows it during the suction 
stroke. 

By changing the form of the slide it is seen that 
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the motor may be adapted to vary the compres- 
sion according to the volume of the gas chaise, if 
this should be considered desirable. 

Generally speaking, the slide performs the same 
functions as the throttle in steam engines, and the 
mechanism described should therefore be well 
adapted for stationary motors used in the indus- 
tries, the power being readily adjusted to the 

maximum work re- 

quired in each case. 
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In the alxne explanations no cognizance is 
taken of the "dead spaces" existing in all motors; 
the i^ipes for admission and exhaust leading to the 
corres}x)nding valves or j^arts. These represent 
in the motor referred to one twenty-fourth of the 
cylinder space, and modify slightly the exactness 
of the explanations. Rnt there is no real necessity 
for dead spaces, as the valves might be placed in 
the head of the connter-piston. 

When the motor is worked with very smiBill 
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charges, it follows from the very small volume of 
the gas exploded that the burnt gas, after the pis- 
ton has finished its power stroke, may be under 
less than one atmospheric pressure, which condi- 
tion would result in opening the admission valve 
and admitting a certain quantity of explosive mix- 
ture in the cylinder when not wanted, only to have 
it expelled at the next piston stroke as a pure loss 
and J cause of unnecessary 
odor. Fig. 30 shows the ar- 
rangement 
made to ob- 
viate this un- 
desirable re- 
sult. During 
each period 
when the ex- 
ploded gas 
is expand- 
ing, the 

spring which ^^^' ^^' ^2"'^'°" Regulating Device, 

holds the admission valve to its seat is stiffened so 
that the pressure on this valve will exceed that on 
the exhaust valve, thereby causing any suction 
that may take place to take effect through the 
latter. The cam j, which controls the exhaust 
valve, controls also, during the power stroke, the 
lever I, which presses upon the collar p, mounted 
upon the valve stem, and compresses the spring. 
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In Fig. 31 is shown a device for this motor, 
especially intended for its application to motor 
vehicles. Its object is to advance the time of 
ignition automatically in proportion as the vapor 
charge is increased, the exact design of the 
device having been determined by experiments 
showing what time of ignition is most suitable for 
any given vapor charge in order to obtain the 
highest power efficiency. When taming the con- 
trol-wheel V^ which regulates the vapor admission 
through the screw M, the sector S* is also turned 
on its pivot, and it, in turn, controls the ignition 
device. 

It will be noticed that the entire motor mechan- 
ism forms an organism which may be controlled 
in all its functions by a single mechanical element, 
the control-wheel V, fixed at the top of standard 
L. By manipulating it the driver regelates the 
power and speed of the motor as well as the fuel 
consumption, adapting these factors to the work 
desired. Nothing prevents, however, the control 
of the ignition to be severed from the rest of the 
organism, and this disposition might be preferred 
by very skillful drivers. 

In the foregoing the supposition has been that a 
carbureter supplied the explosive mixture in gas- 
eous form to the cylinders. Fig. 32 shows a sup- 
plementary device for use if it is preferred to feed 
the hydro-carbon into the cylinder in liquid form. 
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It consists in a pump which automatically reduces 
the liquid fuel supply in proportion as the air 
admission is reduced. This pump has two pis- 
tons, one with a fixed stroke and actuated by the 




Fig. 32. 



slide F during the suction and compression 
strokes, and the other with variable stroke and 
connected to the counter-piston rod as shown in 
the illustration. The operation is entirely anal- 
agous to that of the cylinder piston and counter- 
piston, and requires no further explanation. 



CHAPTER VII 

PETROLEUM MOTORS AND VEHICLES 

To be able to substitute heavy kerosene for gas- 
oline as the source of power for motor vehicles has 
always appeared very desirable, partly because 
kerosene is more readily obtained in out-of-the- 
way localities, and partly because it may be han- 
dled more carelessly before it is placed in the fuel 
receptacle in the wagon. After once placed there 
the kerosene offers no special advantages, except 
in the case of leaks, which, with gasoline, may be 
a source of accidents, or with constructions that 
admit the possibility of subjecting the gasoline 
vapors in a carbureter or tank to high pressures 
that might cause ignition and explosion. 

There are several stationary motors on the 
American market in which the gas mixture may 
be generated from kerosene, and it is generally 
expected that one or two of these will be heard 
from in connection with automobile traction before 
the year 1900 shall have passed. 

The main obstacles in producing successful 
kerosene motors in the past have been due to pre- 
cisely that property of kerosene which renders it 
desirable and safe for motor purposes, namely, the 
high temperature required for making it g^ve off a 
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readily ignitable vapor with the rapidity required 
for motor work. 

The vaporiser arrangement most commonlj' em- 
ployed for overcoming this obstacle has consisted 
in the attachment lo the motor of an air-compres- 




I. 33. The Koi 



won pump by the pressure from which kerosene 
was forced in a fine spray into a heated vaporizing 
chamber before being admitted to the combustion 
chamber. 

The first practicable motor vehicle operated 
with a kerosene motor was invented by C. M. 
Koch of Paris, His motor (Figs. 33 and 34) is 
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composed of two vertical or horizontal cylinders. 
A, Ai, between which is a wide space. Two pis- 
tons, B, Bi, move in opposite directions and 
symmetrically in these two cylinders. The con- 
necting rods C. Ci actuate a crank D on a shaft E. 
The admission and exhaust by the valves F and 
G respectively ore in the space 
between the Lwo cylinders. 
There is only one admission 
e exhauBt tar 
cylinders. 
H is a tube by which 




explosion 

1,'haraber I ; the liquid 

kerosene also enters the 

tube U by the pipe L., and 

VjIvc. ]>asses into the chamber 

I, mixed with air, J is 

ip ht-ating the tube II and the ignition tube 

N is the point of admission of oil into the 

' (I'iK- 34)- 

is |iump is operated by the motor hy means 
system <i[ levers which can bo adjusted by 
,'s. It wiirks lis a force pump, owing to the 
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arrangement of the springs O and P, which 
actuate its valves and its piston. The valves and 
piston may be either vertical or horizontal ; but if 
the piston is vertical the valve springs are hori- 
zontal, and vice versa. 

The vaporizing chamber is in one with the 
explosion chamber, and is of spherical shape, in 
order to have as little heat radiation as possible in 
proportion to its capacity. Before the air and the 
kerosene enter the vaporizing chamber both are 
heated by the flame of the lamp J, which also 
heats the ignition tube K. The latter, being 
closer to the flame than the tube L, is heated 
most, and enters through non-conducting material 
into the vaporizing and combustion chamber. It 
presents a comparatively large heated surface in 
order to facilitate ignition and propagate the 
flame to all portions of the combustible mixture 
with the greatest possible rapidity. 

Among the American kerosene motors, the 
Secor may be given as an example of latest con- 
struction. 

It was first perfected with a view to furnishing a 
cheap, convenient and absolutely uniform motive 
power for driving dynamos in isolated electric 
plants, and, this being accomplished, has been 
adapted to automobife purposes, the requirements 
for carriage use consisting mainly in new means 
for the suppression of vibration, which presents a 
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more difficult problem when the motor is carried 
on a movable support than when it is used for sta- 
tionary work. The stresses to be balanced are 
those caused by the expansion of the gases against 
the cylinder walls, those due to 
the (.'hntige from the recipn 
^, miiiiin of the piston to the 



rotary motion uF the 
shaft, and those due 
to centrifu- 
gal effects. 
Thi.'i adaptii- 

to have been s 
fully to tisum mated in 
the latter part of iSyq. 
Theprindple of tin- 
stationary motor has ^'f ■ ^"^^ ''''*' F««^ Secor 

■' Kera«ne Motor, 

been describetl in 

American Machinist, with reference to the dia- 
gram herewith produced, Pig. 33, in part as 
follows . 

■'From the fuel tank A. having the emptying 
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cock U, the oil descends through a curved pipe B 
and the valve C, which is governed by the float B, 
to the constant-level tank V. The object so far is 
to obtain a constant ^avity head for the flow of 
fuel, which next descends through the bent pipe 
EE to the fuel admission valve F, whence it flows 
downward through the brass-cased glass sight-tube 
H into the air-admission bend I. The air admission 
to the cylinder is controlled first by a butterfly 
valve, not shown, but placed in the vertical air- 
admission pipe, through which air is sucked down- 
ward by the action of the engine piston. . . . 
Next below the butterfly valve is a bored seat, in 
which is placed a segmental rocking valve L, 
which is under control of the governor, and is the 
effective member of the air-admission controlling 
mechanism. The valve F is controlled by the rod 
K, pivoted to a lever on the horizontal actuating 
arm M of the valve L. The governor rod N is 
pivoted to the right-hand end of M. This makes 
a single governor rod control both the oil admis- 
sion and the air admission. To provide an inde- 
pendent adjustment of the volume of either the air 
or fuel admitted, a micrometer adjustment is 
provided at G for the oil valve F, and at M for the 
air valve, so that precisely such relative volumes 
of air and oil can be delivered together as are re- 
quired to form a perfectly combustible mixture. 
*'The action of the governor is thus made to 
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deliver the same proportionate combination for 
every charge, the regulation being effected by 
increasing or decreasing the volume of this mix- 
ture for a single cylinder charge. Throttling the 
total volume of the charge very rapidly reduces 
the cylinder pressure produced by the firing of the 
charge, although every charge, no matter what its 
bulk may be, is perfectly burned. Under these 
circumstances the governor action is very prompt. 
The Secor motor is believed to be the first to 
place both the fuel admission and the air admis- 
sion under control of the governor. 

"Referring again to the diagram, J is the admis- 
sion valve, operated through the rod R, from a 
cam of the usual type employed in explosion 
motors working on the Ottocycle. The rod S is 
similarly operated, and drives the exhaust valve 
P, which opens communication between the cyl- 
inder and the exhaust pipe T, leading into the 
open air. 

"The ignition is electric. The current from six 
cells of batter^^ is led through a Rhumkorff coil to 
a jump-spark igniter, screwed into the 'top cover 
of the compression chamber. 

"The Secor motor is water-jacketed, compres- 
sion chamber and cylinder both, and the engine is 
remarkably cool when in operation." 

Another kerosene motor is the Capitaine, which 
is made in this country, but was originated in 
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Europe. It is remarkable by being one of the 
few hydro-carbon motors in which the ordinary 
form of direct piston connection with the cranked 
shaft has been abandoned. 

The fuel (ordinary kerosene, specific gravity 
about 0.80) is forced into the cylinder by a dia- 
phragm pump which operates without valves. 
The flexible diaphragm of this pump is worked by 
a cam on a secondary shaft, which in turn receives 
its motion through an eccentric on the main shaft, 
and a push-and-pull ratchet. It makes one revo- 
lution to four revolutions of the main shaft. 

The governor is based on the varying degree of 
compression in a small auxiliar}^ cylinder, in which 
a piston is worked from the secondary shaft men- 
tioned above. Changes in speed of the engine 
and the consequent changes in speed of the gov- 
ernor piston, change the pressure in the governor 
cylinder, which has a fixed outlet. When the 
speed of the engine exceeds a certain limit, thus 
raising the pressure in the governor cylinder 
above that for which its outlet valve is set, this 
outlet valve is closed and the pressure in the cyl- 
inder is greatly increased by the continued ad- 
vance of its piston. This increased pressure is 
used to disengage a push-and-pull ratchet, which 
communicates the motion to the cam of the fuel 
pump, thus stopping the supply of fuel until the 
engine speed has fallen to the normal. 
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Lubrication is made positive by the use of a 
small force pump operated from the secondary 
shaft, which forces oil to every bearing and to the 
cylinder every second revolution of the engine. 
The ignition is by hot tube. 



Part II 

Steam-Power Vehicles 

CHAPTER VIII 

ADVANTAGES AND DISADVANTAGES OF STEAM AUTO- 
MOBILES IN GENERAL — THE STEAM RENAIS- 
SANCE IN AMERICA 

When mention is made of steam motor vehicles 
in the United States it is almost invariably the light- 
weight pleasure carriage that is thought of, while 
in England and France the steam vehicle idea 
until very recently has been exclusively associated 
with a mental picture of heavy freight wagons or 
omnibuses; and this state of ideas indicates cor- 
rectly the development that has taken place. 

The steam vehicles of Europe have been 
evolved in accordance with the tenets of profes- 
sional tradition. The engineering data gathered 
during a century and a half of steam engine prac- 
tice have been faithfully consulted by the Euro- 
pean designers of modern steam vehicles, and the 
result has been that they found it impossible to 
fully emancipate their productions from the draw- 
backs in the way of heft and cumbersome heating 
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methods which attached to earlier types and dis- 
qualified them for any but comparatively slow 
work on common roads. 

In the United States the problem of steam auto- 
mobiles was attacked in a revolutionary manner 
and in defiance of precedents by a single-handed 
pioneer, S. H. Roper, upon whose work all the 
progress is founded which, during the past few 
years, has made the light steam carriage the most 
distinctively American contribution to the solution 
of the problems of automobile locomotion. 

In regard to Roper's work the following data 
extracted from an illustrated biographical sketch 
by R. I. Clegg, in American Machinist, May 18, 
1 899, are of interest : 

"The late Sylvester Hay ward Roper, of Rox- 
bury, Mass., became interested in automobile in- 
vestigations away back in the fifties; and he thus 
early realized the bitterness of the storm that 
awaits the pioneer who interferes with the- estab- 
lished rules of the road. 

"So far as a suitable power was concerned, Mr. 
Roper's hopes were centered upon steam, and his 
long experience simply served to strengthen his 
conviction. Several vehicles so equipped were 
built by him before 1870, but there was so much 
opposition to his right to use the public streets 
that he finally desisted, as far as actual manufac- 
ture was concerned, and retained one machine 



solely for his own [ 
Along in 1S69 or 1S7 
steam velocipede. 
"This velocipede 




Fig. 36. 



Id His Steam Bl 



le [Letl KJeJ. 



ye.irs when Mr. Roper built a four-wheeled car 
riage — a double-seated sulky to carrj- two persons. 
The cylinders of llie engine were located in the 
r. moke -R tacit, and all but the lower part of boiler 
was concealed in the body of the vehicle. The 
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sulky was afterwards sold to a Boston merchant, 
who intended to apply an oil-fuel system in place 
of the coal grate already in use. Business cares 
prevented any great progress in this line, and the 
machine next turned up in New York City as the 
nucleus of a proposed autocar company, and later 
still, I understand, the machine went south. 
where I have been unable to trace it further. 

"At seventy-three years of age Mr. Roper took 
up the steam bicycle once more. 

"He took a Columbia bicycle, removed the 
cranks, chain, hanger and rear wheel bearing^, 
and in the diamond frame attached his outfit — 
boiler and engine — as an integral part of the 
structure. Fig. 36 shows the reconstructed bi- 
cycle ; and the inventor, who holds the wheel in 
position. In the other view, Fig. 37, the bicycle 
is seen self-supported by the rod hinged to the 
boiler. 

"The engine is a single cylinder, i^ inches 
diameter bv 4 -inch stroke. A D-slide valve is 
driven by an overhanging pin outside the engine 
crank. From the other end of crank shaft is 
driven the feed pump. The pump has a stroke of 
I inch, and the plunger is }{ inch diameter. The 
feed water is contained in the tank, immediatelv 
under the rider, and absorbs heat coming from 
the smoke-stack and boiler. Before entering.the 
boiler the feed water passes through a coil heater 
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in the smoke-stack. Inclined glass water columns 
to tank and boiler allow the rider to keep track of 
the supply. A valve on the suction pipe permits 
the supply to be nicely regulated for ordinary con- 
ditions of travel, and a hand puiap seen near the 






Rg. 37. Roper Slean Bicycle [Rleht Side]. 

bars enables an increased amount to be provided 
at pleasure. Part of the products of combustion 
passes around Che cylinder to the stack, which 
also receives Che exhaust from the engine. Two 
cords control both boiler and engine; a damper in 
smoke-stack, as well as the throttle valve, being 
so connected with the handle bars. On each side 
are the foot-rests, at the forward end of the fire- 
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"Boiler is rectangular, 8 inches deep. 20|i^ 
inches high, 15^ inches long, containing 84 steel 
tubes. Tubes are 10^ inches long by 9-16 diam- 
eter. I am unable to give exact thickness of 
tubes; they are very thin; probably .02 inch. 
A space of ^ inch is allotted to the water jacket 
around the firebox. From base of grate to base 
of flues is 10 inches. The boiler is encased in 
asbestos and mahogany. 

"Franklin coal was used for fuel, and once 
charged the tiny grate was ample for a seven-mile 
trip. Mr. Roper has gone several times from his 
home in Roxbury to the Yacht Club, in South Bos- 
ton (City Point), cleaned the fire and replaced the 
same coal, got up steam and returned home — ^three 
and a half miles each way. 

"About 160 pounds of steam was carried on 
level roads. For hills this pressure would be 
increased to 225 pounds. The boiler had been 
tested to 450 pounds. Total weight of machine 
loaded ready to start was 165 pounds. 

"It will be remembered that Mr. Roper died 
suddenly at the Charles River Track, Boston, at 
the close of a test of the bicycle against the Butler 
Brothers' tandem. He had then made three con- 
secutive thirds 0^) of a mile in 42, 39, and 37 
seconds respect ivel}-. The cause of Mr. Roper's 
death was sclerosis of the arteries, from which he 
had suffered for some two years, the malady 
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undoubtedly being greatly intensified by the ex- 
citement attendant upon the remarkable speed 
developed at the exhibition. 

"Notwithstanding the showing already men- 
tioned, the inventor did not consider the bicycle 
the finished product he desired, and was preparing 
plans to try petroleum fuel, etc." 

When looking into the reasons for the great 
activity in designing and manufacturing of light 
steam carriages which sprung up in the New Eng- 
land States as soon as the first few of Roper's fol- 
lowers had attained a measurable practical success 
(first publicly demonstrated at automobile contests 
held in Charles River Park, Boston, November, 
i898)^an activity that might seem strange in the 
face of the acknowledged superior economy, com- 
pactness and prestige of internal-combustion 
motors — a strong sidelight is shed over the ques- 
tion by considering the unreasonable demands 
that are usually made in regard to gasoline motors 
and their work. "What we want in a gaso'.ine 
motor," wrote an English devotee of automobile 
sport in The Autocar, in 1899, and won general 
acclaim for his felicitous way of putting the de- 
mands, "is an engine which fulfills the following 
conditions: 

"i. It should be small and of light weight. 

"2. It should run at a reasonable speed. 

"3. It should be free from vibration. 
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"4. It should be possible to vary the speed and 
power, at will, from nothing to its maximum, and 
it should give its full torque at any speed. 

"5. It should not be necessary to have either 
reducing or speed gear. 

"6. It should be reversible. 

**7. It should stop when the car stops, and start 
up in a moment upon the mere movement of a 
handle. 

"8. Its parts should be few and easy to repair. 

"9. When running it should require little atten- 
tion, and that little unskilled." 

All these requirements, with the possible excep- 
tion of 8 and 9, are fully met in the light New 
England steam engine for motor vehicles, and 
thus it fills in a measure the * 'long-felt want** of 
those who have become impatient with the short- 
comings of the average gasoline motor. 

Hereto comes that small steam engines may be 
produced cheaply and in quantity in any shop well 
equipped with modern automatic machine tools, 
while the production of an original hydro-carbon 
motor and vehicle calls into requisition a formid- 
able amount of foundry work, drop-forging and 
special painstaking and time-consuming labor 
with hand tools. 

The advantages of the light steam engine for 
motor vehicle work are very conspicuous from an 
economical as well as from an esthetic standpoint. 
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They are equally appreciated by the maker and 
the user, if the latter is one who is qualified by 
temperament and education or training to take 
proper care of the instrument placed in his hand, 
but they are accompanied by certain disadvan- 
tages which sooner or later make themselves felt. 
The mechanism is not nearly as robust as a well- 
made gasoline motor, at equal weights. It is 
bulkier, and leaves less space in the automobile for 
cartage. The boiler is likely to be damaged seri- 
ously if the operator neglects to watch and attend 
to certain of its functions, especially water feed. 
Its exhaust, while not ordinarily visible in warm 
weather, is objectionably conspicuous in cold 
weather. Its water supply must be frequently re- 
newed if the engine is put to continued hard work. 

In spite of these shortcomings, which are not 
equally pronounced in all makes, the light steam 
pleasure carriage is making rapid headway in the 
favor of a large class of people in this country, 
whose requirements it seems to fill better than 
either the electric or hydro-carbon type of automo- 
bile, and it is also finding a ready sale in Euro- 
pean countries. 

Putting the case more briefly than accurately, 
all the American light steam vehicles may be 
described as combinations of a gasoline stove with 
a small-sized ordinary engine fed from a tubular 
boiler in which the tubular feature is exaggerated 
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in order to generate steam with extraordinary 
rapidity and in prompt obedience to variations in 
the fuel supply. 

In most styles of these vehicles the fuel feed is 
regelated automatically by the steam pressure, in 
order to obviate all danger of explosion from high 
pressure when the machine is placed in unskilled 
hands. In some of them the boiler feed (or height 
of water in boiler) is also automatically regulated. 
And it is toward the perfecting of these automatic 
regulations that the efforts of most designers are 
directed, although much is also being done with a 
view to making the exhaust invisible in all kinds of 
weather, or suppressing it altogether by means of 
a condensing apparatus, thereby also economizing 
the water supply. 



CHAPTER IX 

DESCRIPTION OF A TYPICAL STEAM PLEASURE 

CARRIAGE 

In the following is given a nearly complete 
description of one of the best-known types, 
namely that designed by George E. Whitney, of 
Boston, of which the main features are embodied 
in the productions of several independent manu- 
facturing companies. This vehicle may be taken 
as typical of the whole class, inasmuch as the 
designer was among the very first to follow in 
Roper's footsteps. 

The characteristic special features of other 
styles will be more briefly described and illus- 
trated hereafter. 

The illustrations from Fig. 38 to Fig. 48 thus all 
apply to the Whitney type. 

The boiler, Figs. 38 and 40, in the style illus- 
trated is a cylinder about thirteen inches high and 
15 inches in diameter, containing about 300 ver- 
tical one-half inch tubes, which serve as fire flues, 
the water and steam filling the interstices between 
them. Copper is used because tubes of this 
material may be readily flanged at the joints with 
head and bottom of the boiler without danger of 
rupture, and are also less liable than thin steel 
tubes to be weakened by corrosion. In addition, 
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ilio use of copper tubes makes the construc- 
tion Svifer in cxise a neglectful operator shonld 
allow the boiler to becomo overheated (through 



STEAM-POWER VEHICLES I47 

failure of the automatic regulation). The copper 
tubes would then be expanded aii4 elongated 
more, by the heat, than the steel of the cylinder, 
and the joints of fines and boiler head would be 
disrupted, allowing the steam to escape, before the 
danger point would be reached. 
I In taking steam from the boiler to the engine a 




number of pipea are used instead of one (see Fig, 
39). each having a disk, d, between its opening 
, and the interior of the boiler. By this provision 
foaming or priming, which occasionally results 
from an admixture of lubricating oil or similar 
impurities in the water, will not interfere with the 
operation of the engine, as might be the case if 
the steam were taken through one pipe only. 
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The engine— a pair of slngle-ejtpansion cylinders 
—is mounted on the boiler by brackets secured to 
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the boiler shell and the waterleg surrounding the 
lireboM . the cylinders are surrounded by a jacket 
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Fig. 41. Toggle-Joint Throttle Lever. 



which prevents condensation. The gaseous prod- 
ucts of gasoline combustion are carried off by a 
flue or hood that covers the top of the boiler (Fig. 
38, a), and is carried down its side and discharged 

at the bottom, passing away 
from the occupants of the 
vehicle. In case the natural 

draft is in- 
sufficient, it 
is possible to 
increase it by 
a steam - jet, 
b, pointing 
downward in 
the flue. 
This hood, or flue, serves a double purpose. 
The pipes that deliver the live steam to the engine 
are placed in this flue, which keeps them heated, 
so that they will deliver a dry, super-heated steam 
to the engine. The exhaust steam, after leaving 
the engine, passes through a muffler, C (Fig. 38), 
and is delivered into the top of the hood, where it 
comes in contact with the burned gases that 
thoroughly dry it ; thus the exhaust is barely vis- 
ible except in cold weather. 

Connected to an upright adjoining the throttle 
valve-stem is a compound lever having a toggle 
connected to the throttle valve and an upright 
placed in the cylinder head (Fig. 41), the whole 
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forming a very sensitive system for controlling the 
engine. 

The water feed is controlled in a simple but 
novel manner. A pipe (Fig. 42) opens into the 
top of the boiler at d, and connects with another 
pipe, e, of larger diameter, which extends hori- 




Fijj. 42. Diagram of Water Feed. 

zontally at the normal water level. At the other 
end of this enlarged pipe is connected a return 
pipe connecting with the lower portion of the 
waterleg, so that the water in pipe f may readily 
find the same level as in its connections. While 
it finds this level freely, its circulation is not 
rai)i(l, and its temperature is lower than the water 
and steam in the boiler. The pipe e is provided 
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with a stuffing box, g, through which passes an 
expansion rod secured at its inner end, and at its 
free end attached to a valve, h, in the feed water 
supply pipe; the latter connects the water tank 
with the boiler. This is fed by a pump (not 
shown) that is in constant operation, being worked 
by an eccentric on the driving shaft. When the 
water is at the normal level and standing in the 
pipe e, the expansion rod will keep the valve h 
closed; but when the water level falls, live steam 
passes into the pipe e from the boiler, and its in- 
creased temperature causes the expansion rod to 
open the valve h, thereby admitting additional 
water and restoring the normal level of the boiler. 
The valve is closed as soon as this point is reached 
by water of a lower temperature. 

The frame of this vehicle is of the side-bar type 
and made of steel tubing with cross-bars, giving a 
light and rigid frame which supports the body on 
three elliptical springs (Figs. 43 and 44). The 
boiler and engine are housed in the body of the 
vehicle and mounted at an angle that allows the 
use of a simple and flexible method of transmit- 
ting power to the drive wheels. 

Steering is accomplished in the usual manner 
by steering-knuckles having short arms connected 
by a rod, which in turn is connected by another 
rod to the standard of the steering lever; the 
latter is secured to the front of the body of the 
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vehicle just inside and at the middle of the dash- 
board. The same lever is used for controlling the 
throttle valve in a simple and effective manner. 
As shown in Fig. 43, the steering lever is curved 
at a point near the top of the dashboard, and ends 
in a spade handle ; the lever is hollow, and a flex 




Fig. 43. Driving: and Steering Gear. Side View. 

ible shaft connecting with the handle at one end 
passes through it and connects with a segmental 
rack, a, which engages a pinion on the rod con- 
necting with the throttle valve h ; the latter can 
be controlled by the slightest movement of the 
spade handle, regardless of the angle of the steer- 
ing lever. Another function of this lever — or, as 
it should be called, controller — is that of operating 
a cylinder, C, Fig. 46, having a steam connection 
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witb the boiler, tbereb)' actuating a piston having 
a rod connecting with the hand brake d. Fig. 43. 
so that when the steam is shut off from the engine 
it is admitted to the brake cylinder, and the 
vehicle is stopped. The admission of steam to 
the engine releases the steam from the brake 
cylicider, and the vehicle is started. The segmen- 
tal rack (a, Fig. 43) engages a pinion on the rod 




Fl(.. M. Front View of Swam Vesicle, 
which connects with the brake cylinder ; this 
brake has a connection with a pedal that is placed 
in the bed of the body so as to be reached easily 
with the foot of the operator; this permits the 
brake to be applied in case the steam cylinder 
fails to act. 

The method of reversing the engine is as fol- 
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lows: It is accomplished with the controller by 
pulling the spade handle toward the operator. 
That portion of the steering lever just below the 
body of the vehicle (e, Fig. 43) is connected to a 
rock shaft having an arm that is connected by a 
rod to the link which forms the reversing mechan- 




Fig. 45. Plan of Frame, Steering and Drivins^ Gear. 

ism. When the controller is in its normal posi- 
tion, the vehicle will go ahead. 

The method used for transmitting power from 
the engines is by a shaft having two universal 
joints (Figs. 43 and 45). On the opposite end of 
the shaft is a beveled pinion which engages with a 
differential gear on the driving axle (see Fig. 45). 
The universal joints permit both vertical and 
lateral movements of the vehicle body (due to the 
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action of the springs) without interference with 
the working of the motor. On the opposite end of 
the driving axle is placed the hand brake, con- 
trolled by foot or steam pressure. 

The boot of the vehicle (Fig. 46) holds the water 
tank. This is divided into two compartments 
with an air space between them, but connected by 



^^ 




Fig. 46. Showing Water Tank and Connections, 
a pipe with a check-valve permitting the water to 
pass from the rear tank to the front one. The 
rear tank contains a smaller tank for liquid fuel, 
which is generally submerged in the water. 

A pipe from the fuel tank passes through the 
water tanks and out to a fuel feed regulator, the 
description of which is here omitted as being of 
less interest than the corresponding device in other 
steam vehicles. 

The exhaust steam, after leaving the muffler, 
passes through a series of pipes beneath the iloor 
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of the vehicle ; then into the front compartment of 
the water tank through another series of pipes; 




SI Pipes. 

then leaves the tank and forks into two pipes 
which lie along the rear axle and bend downward 
(Fig. 47) so as to empty out near to the ground 
It can also be disposed of by returning it from the 
muffler direct to the flue for burnt gases, as before 

The muffler i>ig 



4S) < 



of : 



metal cylinder in F^ 
which is placed a ^=- 

taining a quant t\ 

... ^, Fe 48 Muffler 

of fibri>us matter 

used for breaking the steam into minute particles 

without causing back pressure. 




CHAPTER X 

VARIATIONS IN STEAM VEHICLE CONSTRUCTION — 
STEAM FREIGHT WAGONS AND OMNIBUSES 

In Baldwin steam vehicles the fuel is either 
gasoline or kerosene, and the boiler is of upright 
fire-tube type, somewhat similar to the Whitney. 
To start the engine a hand pump is used to pump 
air into the gasoline tank, so to give the requisite 
feed pressure to the burner. A small receptacle 
is filled with wood alcohol or gasoline, and after 
being lighted is set under the burner to give it the 
necessary initial heat to vaporize the gasoline. 
The burners are lighted from this by the turning 
of a cock, and after a brief time to get up steam 
the vehicle is ready to operate. 

The steam pressure regulates the supply of fuel 
automatically by means of a diaphragm valve 
(see Fig. 51). In case the vehicle is left standing 
the supply of gasoline is cut off from one or two of 
the three burners as the steam pressure rises, and 
the third supplies merely enough heat to enable 
the vehicle to be started again at a moment's 
notice. 

The engine is of the two-cylinder double-acting 
vertical variety. The cylinders are 2X-inch bore 
and 4^-inch stroke, and lie snug up against the 
boiler. The exhaust ports open direct into a 
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jacket surrounding the entire cylinder, giving at 
once an exhaust with little back pressure and a 
steam jacket for the cylinder. 

The exhaust steam is carried from this steam 
jacket to the combined muffler and condenser, 
and then passes through the fuel tank in the shape 
of hot water, maintaining a sufficient pressure in 
the tank (if the fuel be gasoline) to avoid the 
necessity of any hand pumping. Thence the hot 
water passes to the water cooler in the dash, 
which is composed of a number of horizontal tubes 
through each of which the water is compelled to 
pass before it is returned to the supply tank, to be 
again sent on its cycle of functions. 

In case it is required to call upon the engine for 
an unusual amount of work, as in the case of con- 
tinued hill climbing, or of traversing very bad 
roads, and there is a consumption of a gfreater 
amount of steam than the condenser is able to 
take care of, the necessary portion of steam is 
automatically shunted off into a tube which coils 
over the upper openings of the fire tubes of the 
boiler, is there superheated [and passes below into 
the burner, where it meets a forced draft, after 
which it passes off with the products of combus- 
tion in the shape of an invisible exhaust, after 
having added to the steam-producing power of the 
boiler. 

The Baldwin runabout (Fig. 49) weighs 750 
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pounds, while a similar vehicle, known as the 
locomobile or Stanley steam vehicle, which resem- 
bles the Whitney in boiler and engine design, 
weighs less than 400 pounds; but, then, neither of 
the latter vehicles is provided with condensing 
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apparatus, and must, therefore, ordinarily carry a 
larger water supply. 

The question of weights, of steam vehicles is 
usually not one of necessity, but is decided mostly 
by the designer's indmdual opinion m regard to 
the requirements for strength in running gear and 
engine. 

In the Crouch steam vehicle the boiler is a nest 
of nearly upright belli bent tubes -ind a vim I-ir 
style is used in Mar'ih or Atlantic automobiles 
In these boilers (Fig 50) in «hicli the tubes ire 
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water tubes, the steam generation is not quite so 
rapid as in the upright fire-tube boiler, but the 
form of the tube permits expansion from heat 
without the danger of rupture of joints, the curved 
tubes being flexible under lengthwise pressure. 




Wa£on. 



The engine in the Marsh vehicle is a pair of com- 
pound cylinders, while the other vehicles men- 
tioned have only single -expansion engines. 

The egulation of the fuel supply, by which the 
gen at a f steam is controlled, is one of the 
m t mp tant features in steam vehicle con- 
st u t on a t must be perfectly automatic for the 
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sake of the safety of unskilled operators, and the 
convenience of all. In the Stanley pattern the oil 
flowing from the tank is heated and vaporized as 
it passes vertically through the boiler, then escapes 
through capillary orifices and ignites as it comes 
into contact with air flowing through small air- 
flues. But when the boiler is first started, some 
auxiliary means are necessary to volatilize the oil. 
The means consist of an auxiliary heating tube 
which connects the burner with the oil-feed tube. 
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Fig. 51. Diaphragm Control of Fuel Supply. 

Fig. 51 shows the method for regulating the flow. 
The oil-feed regulator is essentially composed of a 
metallic diaphragm held between the two mem- 
bers E. The right side of the diaphragm is sub- 
jected to the boiler pressure ; and the left side is 
connected with a needle valve controlling the flow 
of oil, the stem of the valve being encased in the 
body D of the regulator. The oil flows through 
the tube A to the burner B, first passing through 
the opening commanded by the valve. The 
auxiliary heating tube referred to above is 
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mounted at C. The tube F connects the dia- 
phragm with the boiler, so that the steam pres- 
sure can act upon the diaphragm. When the 
pressure becomes excessive the needle valve 
partially closes the feed opening and reduces the 
quantity of oil supplied to the burner. When the 
maximum pressure is reached the opening is 
almost closed. 

The number of manufacturers of steam vehicles 
has multiplied during the past year, and it is not 
possible in this book to make any but the briefest 
mention of the little peculiarities of each. 

A few heavy steam omnibuses have been built 
along the same lines of engine and boiler design 
as the pleasure carriages, and there are apparently 
no good reasons why they may not be operated 
successfully. The same holds true of hea\'y 
freight wagons. But in both these branches of 
the automobile industry ver^- little has yet been 
done in United States, while English manufac- 
turers have built steam freight vans in consider- 
able number, with a view to short-haul freighting 
in competition with railroads in densely populated 
districts, and France has taken very kindly to 
steam omnibuses, patronizing, in the vicinity of 
Paris, four different systems of such: the Dion- 
Bouton, the vScotte, the "Weidknecht and the Ser- 
pollet. vScvcral lines cf these steam omnibuses 
have, however, ceased to be operated, on account 
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of objections from the road surveyors, who con- 
tend that the traffic is injurious to the roads by 
reason of the great weight of the vehicles, com- 
bined with their speed. 

The construction of all these heavy steam 
vehicles is interesting, but is not likely to be 
transplanted to United States, and may here be 
left unmentioned. The Serpollet system is the 
lightest, and the one which differs most from the 
ordinary steam practice. It is employed also for 
light pleasure vehicles, and resembles the Ameri- 
can type in the exclusive use of petroleum or gas- 
oline for fuel. But it also resembles the internal 
combustion engine, inasmuch as the power is 
produced intermittently, superheated steam being 
generated by the introduction of water in small 
quantities from the tank to a "flash-boiler," which 
is a small, thick-walled compartment that is kept 
heated to such a temperature that it immediately 
flashes the water into steam when it is injected. 
Attempts have been made to introduce the Serpol- 
let system in this country. It includes condens- 
ing apparatus, and is generally looked upon as 
giving satisfactory results for light as well as for 
heavy work. 



Part III 

Electric Storage Battery Vehicles 

to 

CHAPTER XI 

STORAGE BATTERIES AS A POWER SOURCE 

Although the invention of the electric storage 
battery, or accumulator, dates back nearly sixty 
years, it is scarcely nine years since electrical 
energy in this form was first used for the propul- 
sion of vehicles over common roads. Practically 
all electric automobiles in use at the presei^t time 
derive their power from one or more storage bat- 
teries ; that is, series of chemical elements which 
may be charged with a store of potential electrical 
energy by the chemical action caused by an elec- 
tric current; and are capable of giving off a sim- 
ilar current by a reversal of the first chemical 
action, the reversal taking effect, gradually, when 
the elements are connected in a certain manner 
by electric conductors. 

As the charging current is produced from a 
dynamo, usually driven by a steam engine, and is 
then converted into chemical action, from whose 
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undoing a new current is produced, to be in its 
turn converted into mechanical motion by means 
of an electric motor, which forms part of the 
vehicle, it is seen that the power derived from a 
storage battery may be traced back to the heat 
units contained in the fuel burned under a steam 
engine lx)iler. By each of the conversions of 
power from one form to another there is a consid- 
erable loss, so that the power finally obtained from 
the electric motor represents only a small percent- 
age of that which has been used to produce it. 

In contradistinction to hydro-carbon motors and 
steam engines, which are termed * "primary" 
motors, the storage battery is a "secondar}-" 
motive power, the mechanical motion derived 
from it being the second mechanical motion in the 
process of generating power. 

In the same sense compressed air and liquid air 
arc termed secondary power sources. 

From the theoretical standpoint storage battery 
power is, for the reasons given, extremely waste- 
ful and expensive, but it possesses other character- 
istics which render it ver^^ desirable and useful for 
certain kinds of vehicle work, as may be judged 
from the mere fact that there are more electric 
vehicles in use, in this country, than automobiles 
of all other types combined. 

None of the reasons which may be assigned for 
the present popularity of electric vehicles in the 
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United States is in itself sufficient to explain the 
fact, but all together they furnish all the explana- 
tion that could be desired. These reasons may be 
summarized as follows: 

1. Power in the form of a storage battery is 
divested of all the disagreeable accompaniments 
of combustion — handling of gasoline, heat, smoke, 
noise, odor — which it is difficult to avoid in the 
primary generation of power. The employment 
of a secondary power source relegates these fea- 
tures to the power station where the charging cur- 
rent is produced, and removes them from the 
hundreds or thousands of vehicles whose batteries 
may all be charged from that station. 

2. The skill required for operating and caretak- 
ing of electric vehicles in a fairly satisfactory 
manner may be acquired without the least under- 
standing of their construction, being reducible to 
few and simple rules. 

3. The electric motor gives rotary motion; 
which may be used for vehicle work without the 
interposition of complicated transmission gear or 
fly-wheel. 

4. The batteries and motors may be produced 
rapidly at very low cost and sold at a very high 
price; partly on account of patent protection; 
thus stimulating manufacture, consolidation of 
capital and energetic organization of sales. 

5. The very large number of electric light plants 
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in United States insures facilities for recharging 
batteries even in small towns. 

6. Excessive drains upon the power of the bat- 
tery have no immediately visible effects, so that 
the vehicle appears capable of a wider range of 
work than that for which it is really suited. 

7. When new and in good order the vehicle 
works perfectly and with hardly any of the minor 
annoyances that with primary motors may be 
caused by the operator's negligence or ignorance ; 
this enables exhibitors and salesmen of electric 
vehicles to make an excellent "showing." 

8. The heaviest expense in maintenance, 
namely, renewal of worn-out batteries, may at 
time of sale be truthfully represented as one be- 
longing to a somewhat remote future (about two 
years), under the proviso that the vehicle shall be 
always operated in perfect accordance with cer- 
tain rules. 

9. The mechanism does not invite tinkering by 
unskilled persons in cases when repairs are needed. 

The disadvantages of electric vehicles are prin- 
cipally: 

1. Uncertainty of the mileage for which the bat- 
tery will furnish power on one charge ; the mile- 
age depending heavily upon the nature of road, 
load and wind. 

2. Rapid deterioration of battery if operated 
when nearly exhausted. 
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3. High cost of power-current, compared to 
power from primary motors. 

4. Great weight of power source and structure 
required to support it ; resulting in corresponding 
reduction of pay-load ("pay-load" being under- 
stood as that load for the transportation of which 
the vehicle is operated). 

5. Liability of battery to injury from travel over 
rough ground; the chief material in the battery 
being lead. 

6. Difficulties in producing tires that will endure 
the weight of the heavier styles of electric vehi- 
cles. 

These disadvantages limit the field of work for 
which electric vehicles are fit, but do not detract 
seriously from their usefulness, convenience and 
elegance so long as they are used within their 
sphere of work. This sphere of work comprises : 
Transportation of small loads (passengers or 
goods) over routes of known distance and traction 
resistance, and within a radius of about ten miles 
from charging stations. 

Comparing the energy of an electric current 
with mechanical forms of power, the terms used 
are volts and amperes, voltage representing the 
tension of the current and corresponding to speed, 
and amperage representing its volume and corre- 
sponding to mass. As speed multiplied by mass, 
or weight, gives power, or momentum, so volts 
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multiplied by amperes of a current give the 
number of electrical work units in the current. 
This unit is termed a watt; and 746 watts are 
considered equal to one horse-power. 

All electrical apparatus must be suited by its 
dimensions and material for carrying or transmit- 
ting currents of the voltage and amperage with 
which the apparatus is intended to be worked. 

As it is manifestly impossible in this book to 
initiate those readers who may be unacquainted 
with the nature of a storage battery and the data 
of electrical science and engineering, in the mani- 
fold aspects of a subject «o large and diflBcult, 
nothing more shall here be said to explain elec- 
trical terms ; but the descriptions given in the fol- 
lowing chapters will dwell principally upon those 
points which may be understood without such 
technical knowledge. 

It should be noted, however, that a real under- 
standing of relative merits of construction in elec- 
tric carriages cannot be gained without previous 
thorough theoretical and practical study of elec- 
trical science. 



CHAPTER XII 

CONSTRUCTION FEATURES OF TYPICAL ELECTRIC 

VEHICLES 

The first valuable improvements in storage bat- 
teries for practical use were due to the great desir 
ability of power economy in manufacturing plants 
where the demands made upon the power would 
vary over a large range at the different hours of 
day and night. To run primary motors economic- 
ally they should be kept up close to their full 
capacity until all the power required for the day 
has been developed, and then shut down. To do 
this where the power cannot be used as fast as it 
is being produced, requires some sort of power res- 
ervoir which may be tapped after the primary motor 
has been stopped. The electric storage battery 
answered this requirement, and is now being util- 
ized for this purpose more extensively every year. 

The next practical application of large storage 
batteries was as motive power for street railways 
and other short railway lines, but for this they 
proved much less economical than the trolley sys- 
tem, and have in most places been abandoned in 
favor of the latter despite the great advantage of 
dispensing with all need of charged wires in the 
streets. 

It was through these uses, however, that the 
storage battery was perfected so as to become 
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available for vehicles intended to travel over com- 

The iJTsl carriage in whicb it was successfully 
used in United States was built by Morris & 
Salom, of Pliiladelphia, in 1S95, and took part in 




the automobile contest arranged by the Chicago 
Herald in the late fall (Thanksgiving Day) of 
that year. This vehicle was called an "electro- 
bat" (a term which has since gone out of use), 
and is illustrated in Fig. 52, Forty-eight small 
battery elements confined in hard rubber jars, 
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4x4x5 in size, and of 50 ampere hour capacity, 
were grouped in four trays, each containing 12 
cells. As there were 24 volts in each tray, the 
total obtained was 96 working volts. This elec- 
trical energy of 96 volts multiplied by a current of 
5 amperes, would give, through the motor, power 
equal to 96X5=480 watts, a little more than one- 
half horse-power; this would drive the carriage at 
about 6 miles an hour over a very smooth and 
level road for ten hours, or a total of 60 miles. At 
an output of 10 amperes a power would be ex- 
erted of 96X10=960 watts, or about iX horse- 
power; this energy would drive the carriage, the 
conditions being the same, 12 miles an hour for 
something over four hours or 48 miles on. one 
charge. The state of the roads on the day of the 
Herald race was so terribly bad that no estimate 
of the energy needed to propel the carriage at any 
kind of regular speed could be made beforehand, 
but the record of electrical energy exerted by the 
little batteries in this carriage was a surprise even 
to experienced storage-battery constructors. The 
following extracts from the expert report of this 
trip through the unbroken snow are of interest: 

The weight of carriage, 981 lbs. 

The weight of batteries, 669 lbs. 

Number of cells, 48. 

Capacity of cells in ampere hours, 50. 

At a discharge of 20 amperes, 40 ampere hours 
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Weight of vehicle and occupants, 2,000 lbs. 

Output of current necessary to start carriage in 
the snow, 50 amperes. 

Current drawn from two series of 24 cells, 4 8 volts. 

Power from each series, 25 amperes; 2 series, 
50 amperes; 48x50=2,400 watts=:3 horse-power 
and 162 watts. 

This pull, of course, lasted for a few moments 
only. Moving through the snow at an estimated 
speed of 3 miles an hour the discharge was 25 
amperes and 48 volts, batteries still in parallel; 
48X25=1,200 watts=i J4 horse-power. 

The power consumption by an estimated speed 
of 7 miles on the snow of Michigan Avenue, was 
as follows: 

Snow broken up, not packed, 25 amperes, 96 
volts, batteries in series; 25X96=2,400 watts, 
same as first pull; 3 horse-power, 162 watts. 

Short space of smooth road on avenue, speed 
increased to 10 miles, current 16 amperes, 96 volts; 
or 1,536 watts=2 horse-power and 44 watts. 

Going over Rush Street bridge, where the in- 
' cline was steep and ice and snow rough, Morris & 
Salom vehicle passed without trouble, although 
the demand on the batteries was tremendous, ' 
reaching 40 amperes and 90 volts, or an exertion 
of energy equal to 3,^)00 watts, or 4^ horse-power. 

The problem of the utilization of the power, 
once stored in the battery, has proved as difficult 
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as the construction of the battery itself, the great 
difficulty at issue being that the momentarily ex- 
cessive demands for current in starting a vehicle 
must be provided for both in battery and motors, 
and especially in controller arrangement. For- 
merly very large batteries were used to obtain this 
result, all of which were not allowed to be in use 
in starting, for, if they were thus exerted, a resist- 
ance was introduced consuming, or rather wasting, 
a large percentage of energy, which did not do the 
work actually required. The prime factor in the 
arrangement of a controller for varying speed and 
for starting is to always have all the batteries in 
equal service. In other words, they must charge 
and discharge alike. This is done by means of a 
wireless controller or grouper, that enables all 
batteries to be worked alike under all conditions. 
The Morris & Salom "electrobat" of 1895 sig- 
nified the beginning of a large industrial move- 
ment for the manufacture of electric vehicles 
commonly known as the electric vehicle "trust," 
clustering around the manufacturing company in 
Philadelphia that furnishes the batteries. These 
batteries are known as Chloride batteries, and 
certain points in their manufacture are controlled 
under patents which have been sustained in court. 
Several other kinds of batteries are made, how- 
ever, the most important variety being known as 
the Plante or Electro-chemical battery, which is 
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also extensively used, being 'specified by two 
manufacturing companies whose output of electric 
vehicles ranks next to that of the aggregation of 
manufacturing and transportation companies 
which comprise the "trust." 

Figs. 53, 54 and 55 illustrate three styles of vehi- 
cles made by one of these companies. 

The road-wagon shown in Fig. 53 has a single 
motor, suspended from the side-bars and in front 
of the driving axle, the latter being quiUed so as 
to give a rigid construction. The rawhide motor 
pinion engages a differential gear on the driving 
axle. The batteries consist of forty cells, giving a 
maximum travel of twenty miles on a single 
charge. The cells are housed in the body of the 
vehicle, which is suspended on a double set of 
springs. The controller of this vehicle is on the 
left side, where the operator sits, and the steering 
lever is within easy reach of the right hand. All 
functions of the vehicle, except steering, are sub- 
ject to the operation of the controller lever. One 
notch forward gives the first speed of three and 
one-half mile ; two notches, the second, of seven 
miles ; and three notches, the third, fomleen miles 
per hour. By bringing the lever to a vertical 
position the current is cut off, and a band brake 
on the motor shaft is applied. The reversing 
switch is placed under the operator's seat; the 
reverse speeds are the same as forward speeds. 



ELECTRIC STORARF, BATTERY vmiCLKS 177 




178 ELECTRIC STORAGE BATTERY VEHICLES 

By removing a key from the reversing switch, the 
vehicle is practically locked; it cannot move by its 
own power until the key is replaced. 

This road-wagon has an extremely long wheel 
base, in order to make it an easy-riding vehicle. 




It is equipped with either wooden wheels and 
solid rubber tireK, or suspension wheels and pneu- 
matic tires. 

The weight of this automobile is 900 pounds. It 
may be equipped with a top and with a recording 
voltmeter and ammeter. The batteries can be 
charged in three hours' time. 
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Figs. 54 and 55 show a victoria and a brougliam. 
They are each equipped with two motors ; the rear 
wheels being driven iiidependently of one another, 
each by one motor, so as to dispense with the need 
of a. differential gear on the rear axle. As can be 




seen in tbe illustrations, the biitterics arc housed 
half in the boot and half under tht- tiody-scat. 
This permits a design resembling ordinary car- 
riage construction. The contrnl is the same as is 
used in all vehicles with double motor equipments 
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(if this iiiLike, 'J'lio vcliiclus may be Ocsignod sii 
as lo be o]n.TUte<l from tile rear seat as well as 
Inini the frrint [H-tcIi, anil may t>e equipped with 
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States Express Company (Fig. 56), has the double 
motor equipments. The total weight is 3,800 pounds, 
the load capacity 1,200 pounds; and it has three 
speeds, two and a half, five and ten miles per hour. 




Taking the construction employed in vehicles of 
this manufacture as an example of electric vehicle 
n general, some of the details of the 
e described in the following, but the reader 
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will ohsen-e 

that the n: 

its of the c 

tion as compared 

with that of other formf of \ 

manufacture a 

der discussion, it being much 

too early in the development 

of electric vehicles 1 

judgment on the fitness of 

the various patterns cif vehicles; besides being 

beyond the scope of this Ixmk. ' 

It is one of the open questions whether it Is 
preferable to operate electric veliicles with one or 
two motors. The two-motor arrangement allows 
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the motors to adjust themselves automatically to 
any difference in power required in each wheel for 
turning the vehicle around. 

Accidents have occurred with experimental 
wagons supplied with two motors from one of the 




Mng-Wh 



wheels "seizing" on the axle while the other con- 
tinued revolving and turned the vehicle into the 
curb of the street, but the same might occur, with 
one motor, if the differenti;il gear should became 
disabled. In either case it would be due to defect- 
ive workmanship rather than bad construction. 
One of the strongest reasons for using two mo- 
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tors is the desirability of having an undivided rear 
axle to support the great weight of the batteries. 
To obtain the same strength with an axle divided 
by a differential gear involves a more complicated 
design, though it must be noted that one 
manufacturer obviates this difficulty by 
placing the differential gear within the hub 
of one of the wheels. 

In the two accompanying tables (pp. 182 
and 183) are shown the variations in weight, 
dimensions, etc., that are found necessary 





Fig. 61. Control- 
ler and Brake. 
FrcMit View. 



in the equipments of various styles of vehicles of 
the same manufacture, accordingly as one or two 
motors are employed ; the weights indicating that 
the double motor is deemed preferable, in this case, 
for the heavy styles of vehicles in which the weight 
supported on the driving axle is considerable. 

The difference in running gear of the two forms 
of equipment is shown in Figs. 57 and 58. 

In the vehicles with single motor equipment 
there is supplied a special reduction gearing, be- 
tween the motor pinion and the differential gear. 



ELECTRIC STORAGE BATTERY VEHICLES 1 87 



to be used when necessary for ascending very 

steep grades. The large 
gears are made from metal, 
the small ones from rawhide, 
thereby securing more nearly 
noiseless operation and less 
jarring of the motor at starts, 
stops and other speed 
changes. 

The brake is self - con- 
tained in the motor (Fig. 
59); no brake of any form 
IS required on the vehicle 
wheels, proper, by the 
methods now used. A ten- 
pound pressure of the hand 
or foot, according to arrange- 
ment, in a movement not 
exceeding three inches, will 

stop a ve- 
hicle run- 
ning at 
full speed 
in about 
twice its 
length, 
the great 
speed re- 
duction 




Fig. 62. Controller and Brake. 
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from the small motor pinion w> the large spur gear 
on the wheels (Fig. 60), or the diSerential gear, in 
the case of double motor equipment, assisting in 

a[;i;(implisliiag this 

At a maximum speed of about twelve 
miles per hour, three different controller 
(Fig. 6: and 63) adjustments have proved 
all that is nec< 

gesteci streets of large citie.s. These are 
three, six and twelve milesper hour. Con- 




FiR. 63. Reverslnj Swllclu 

trolii rs or groupers for as many as five different 
sijec'ls are made, for vehicles intended for higher 

Pig- Oj illustrates the reversing switch, which 
h»R exactly the same mechanical construction as 
the controller, and is placed immediately under 
the seat of the <.perat<)r. With it the motor 
can lie rc\ersed and llic \-ehicle run backward 
under exactly the same condition as it is run for- 
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ward. This switch is arranged so as to be either 
on the right or left hand, according to the driver's 
choice of seat. 

A popular steering device (Fig. 64) is fitted with 
ball bearings at the top and bottom of the head, 

and the height of handle . from floor 

is standardized to y^^ twenty in- 

ches ; it is left twenty- 
four inches long, bent in 
such shape that it may 
be shortened to fit varying de- 
mands. The under-attachment, 
which connects the handle to the 
steering rod of the wheels, is made 
with a universal joint, allowing the 
handle to oscillate in any direction 
on the springs of the wagon, with- 
out interfering with its operation 
or alignment. 

The connecting rod from the 
steering lever is carried both ways 
to a steering knuckle (Fig. 65), 
which carries the ball bearing axle 
as a rock shaft (see chapter on steering). 

The reader will find elsewhere a detailed chap- 
ter on the care of batteries or accumulators; we 
limit ourselves by inserting here a type of battery 
in general use (Fig. 66). It is usually composed 
of 40 or 44 cells, in 4 trays of 10 or 11 cells each. 



'^^J 



Fig. 64. 

Steering Head 

and Lever. 
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These batteries when placed in vehicles are con- 
nected with the motor or motors by aatomatic 
contacts. 




Each unit is enclosed in a hard rubber cell, 
sealed at the top 50 that it remains always clean 
and easily handled. 




CHAPTER XIII 

I ELELTRIC VEHICLE CONSTRUCTION 

In Fig. 67 a "Physician's Phaeton" is shown, 
which is one of the styles, varying from hght 
:S to heavy freight trucks, made by the Riker 




Fig. 67. Eletl 



" Physit 



Electric Vehicle Company, The operator in these 
vehicles steers with his left and controls with his 
right liantl. A single motor is used in all styles. 
Aside from many minor details in construction hy 
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which the Riker production is known, the differ- 
ential gear (also called compensating gear, bal- 
ance gear or turn gear) is worthy of special note. 

The ordinary solution of the turn-gear problem 
consists in dividing the driving shaft in the mid- 
dle, or rather in providing two shafts, one for each 
wheel, the shafts being connected at their adjacent 
ends by a compensating driving connection, a 
familiar form of which comprises a bevel gear on 
the end of each shaft and two pinions engaging 
therewith, carried by a driving wheel rotating on 
the axis of the shaft as a center. In straightfor- 
ward motion the pinions act simply as driving 
keys for the bevel gears ; but in case of a turn the 
pinions turn on their own axes as far as necessarj- 
to compensate for the differential speeds of the 
two wheels. The main objections to this system 
are weakness, due to dividing the driving shaft at 
or near the middle thereof, oomplexity of con- 
struction, and inaccessibility for repairs. 

The compensating driving gear is illustrated in 
the accompanying drawings (Fig. 68), of which 
the larger represents the whole rear axle mechan- 
•sm of the vehicle as connected with the motor. 
The shaft B extends the full distance between the 
hubs of the wheels, and is tubular, inclosing^ a 
second shaft, B', which may be either hollow or 
solid, and which also extends the full distance 
between the wheel hubs. 
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Shaft B is driven directly through pinion d on 
the motor shaft, and spur gear d' on shaft B. At 
one end of the latter is fastened a cup or cage. G, 
which carries on opposite sides two bevel pinions, 
g, g'p which rotate on short studs fixed in the cup. 
The axes of these pinions are in the same line, 
radial to the shaft B. 
Kngaging these pin- 




bevel gear. G'. which 
lumpen- ^^ ''^yed to the flange 

salinK Gear. of the hub H of the 

wheel, the said hub 
being a tubular box, which incloses the compen- 
sating mechanism and is supported at the inner 
end by the ring or closure H'. On the other side 
of pinions g from gear G' is another bevel gear, 
Gz. which is keyed to the inner shaft B', the latter 
being loose in tubular shaft B. At the other side 
of the vehicle the wheel hub IIj is keyed to the 
inner shaft B', and turns loosely on shaft B. Th 
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VEHICLES 



the rotation of shaft B carries the pinion g of the 
compensating mechanism in a circular piath 
around the a.xis of the shaft, and these pinions 
engaging with the bevel gear G', Gz, rotate them 
In the same direction, the pinions not ordinarily 




Waveily Eleciric Slanhope. 



rotating, theniselves, but acting simply as driving 
keys. Bevc\ gear G'. being kt-yed directly to hub 
H, imparts motion to that driving wheel, while 
gear Gi. through the intermediary of the inner 
shaft B', inipiirts motion to the hub Ha of the 
other dri\ing wheel. Obi-ioiisly, when the \'ehicto 
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changes the direction of its line of travel, tending 
to accelerate the motion of one wheel and cor- 
respondingly diminish that of the other, the pin- 
. ions g, g', by turning on their axes, will permit 
this differential motion. 




The principal advantages of this construction 
are that the driving shaft extends continuously 
from side to side of the vehicle, affording maxi- 
mum strength, that the compensating mechanism 
is readily accessible upon removal of the wheel in 
u-hoiie hub it is inclosed, that it occupies no extra 
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Space, and requires no extra housing, and that it 
requires a relatively small number of parts. 

The next illustration, Fig. 69, represents a stan- 
hope made by the Waverly Electric Carriage 
Company. The most characteristic feature of 
carriages of this make is the supporting frame, 
which is built chiefly of steel tubing so trussed as 
to give more than common strength to the fore- 
part of the carriage, which receives the first shocks 
on a rough road. The front truss is pivoted to the 
carriage body in a manner that permits the wheels 
to adapt their position to any kind of road sur- 
face, while also allowing the carriage body free 
play on its springs. Provisions of this kind are, 
of course, made also in all other makes of electric 
vehicles, but seem to have been made the subject 
of special study in the Waverly carriages. Fig. 70 
shows a Waverly Electric Tally-ho, carrying nine 
passengers. The steering of this heavy vehicle is 
operated with a horizontal steering wheel, or helm, 
at the upper end of a standard, the lower end of 
which carries a worm gear, by which the steering 
mechanism is actuated. While a worm gear can 
turn a spur wheel when rotated in mesh with it, 
the spur wheel cannot react upon the worm; 
hence its usefulness for steering hea\'y vehicles, 
the worm preventing roughness in the road from 
affecting the ix)sition of the wheels and the direc- 
tion of th^ carriage, and therefore also preventing 
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the Steering lever, or wheel, from "jig^ring" in 
the hand of the operator. On the other hand, the 
steering by means of a worm is either slow in 
action or complicated in parte. 

In Fig. 71 is shown one of the dozen different 
styles made by United States Automobile Com- 




1. Eiecni. 



■i B«l<j>^ 



pany, and ranging in weight from 1.000 to (j.ooo 
pounds. These manufacturers, being among the 
latest in the field, differ on several important 
pointe in construction from the majority. The 
carriage illustrated herewith weighs 2.200 jxmnds. 
iif which the batteries constitute one-half. Differ- 
ential gear is dispensed with by means of a special 
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construction of the motor. This motor is mount 
to revolve around the middle portion of the n 
axle, and both the field and the armature ; 
arranged to revolve. The field of the motor 
connected mth a reducing gear on the hub of o 
rear wheel, and the armature with a similar red( 




Fig, 72. Motor Phmlon. 
ing gear on the other rear wheel. The two driv- 
ing wheels may by this arrangement be worked at 
different speeds. The batterj- is suspended from 
the truck frame on independent springs suited to 
its weight, and the carriage body may, therefore, 
be mounted on much easier springs than otherwise 
would be practicable The battery t>eing mounted 
so low makes the carriage very stanch at turns, 
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and saves wrenchti^ of the wheels ami frame. 
The driver's seat in front— barely \Tsible in the 
illustration — is low. and arranged for one person 
only. The steering gear standard is at the siile of 
the seat with the lever erten'iing laterall)- acriiss 
so that the steering in ac-cfm[>lishe'] by a ]iu!l on 




i. Kiinabi 



the lever for turning to om: si.lo- 
push for the other direction, as ' 
steered with one hand. In the 
vehicles of this make the battel 



thfc right— iind a 
lighter styles of 



the carriage body in the ordinurj- manner. 

A series of illustrations. Figs. 72 to 71J. repre- 
sent the forms of manufacture adopted by the 
Columbia Automobile C<imp:iny, whicli i^ one of 
the manufacturing branches belonging to the 
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large combination of electric vehicle interests, 
before referred to. 

Some of the details in Columbia construction 
shall here be mentioned in order to fill out missing 
links in the general idea of electric carriages, 
which is all that the lay reader will be able to 
obtain from any book on the subject 




The motor phaeton (Fig. 72), runabout (Fig. 73), 
and brougham (Fig. 74) differ largely in design, 
but very litt'e in clectric;il construction. 

In the phaeton and runabout it is noticed that 
the frame i^ made of steel tubing, very little use 
being made of forgings except for connections of 
verj- irregular shape. 
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An electric gong is operated by a push button 
placed in the end of the controller handle already 
mentioned. A meter is conveniently placed in 
sight of the operator by which he can read how 
much of the battery power has been used. 

The brake adopted is of the band type (Fig. 75). 
It consists of a compound steel and leather band 
surrounding the brake pulley balance gear casing, 
and is arranged to operate 
well whether the brake pul- 
in one or the 
rection. Both 
band are, 
moved to set 
action, which 
p 1 i s h e d 
compound 
range m e n t , 




=:z, equally 
ley is rotated 
opposite di- 
ends of the 
therefore, 
the brake in 



Fig. 75. Band- Brake. 



} 1 s a c c m - 

through a 
lever a r - 
each end of 

the brake being fastened to separate levers, which 
interlock, so that the operation of one, to which 
one end of the brake is connected, also moves the 
other lever in the same direction. The operation 
of the brake by means of the braking foot-lever 
is by the direct action of a rod, connecting the 
two parts. 

The front steering wheels are pivoted to a hori- 
zontal axletree, which Jis in turn centrally pivoted 
to the truck frame in order to permit of vertical 
oscillations of the wheels in passing over obstruc- 
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lions on either side. The method of steering is 
shown ia Figs. 76, 77 and 79. Each of the steer- 
ing wheels revolves on ball bearings on a short 
axle pivoted to the axle tree-forks, very close to 

the wheel hub. The two 

short arms from the pivots 

ire connected to 

I three-armed forging 




oted on ball bearings at the junction of the 
arms to the center of the axletree. The other 
arm is connected in turn with the previously 
mentioned steering handle, which has at its lower 
o-il, projecting through the flyor of the carriage, a 
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Spiral gear (Fig. 78), meshing into a suitable gear- 
segment at one end of a pivoted lever, the other 
end of which is connected by means of a rod to 
the aim of the triangular steering lever previously 
mentioned. By the arrangement of this steering 
device, the wheels, in turning curves, are turned 
at different angles, in accordance with the re- 
quirements explained in chapter on steering. 

For the operation of the carriage, three devices 
are provided, all easily accessible to the operator, 
who sits on the left-hand side of the carriage. 
The vertically-placed lever at the side of the seat 
is used for operating the motor controller. The 
nearly centrally-placed handle rod, resembling in 
appearance an ordinary brake handle such as is 
used on tram cars, is used for steering. At the 
bottom of the vehicle body, close to the dashboard, 
is a pivoted foot-operated lever, which is con- 
nected with the brake rod to apply the hand brake 
on the gear casing fitted to the axle. In conjunc- 
tion with the operation of the controller lever, a 
peculiar interlocking reversing switch is used, 
which is operated by means of a foot-push. 

The motor is protected by an ironclad casing, 
entirely surrounding the field windings and arma- 
ture, and concentrically suspended upon the rear 
driving axle. The field windings are in section 
series, connected to the armature. The commuta- 
tor projects beyond the field magnet frame proper, 




5 
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^^Tf>— -*^ the latter being of a 
P ^g If rectangular form, and 

Steering y having, at this side, an alumi- 

num casing which completely 
surrounds the brush and com- 
mutator devices. One-half of 
this casing can be readily un- 
hinged, giving access to the in- 
terior of the motor. Thfe field frame is 
fastened at each side to a hanger from the 
rear-frame tube. The armature is mounted 
upon a concentric sleeve surrounding the driv- 
ing axle, without touching it, being supported by 
means of ball-bearings in the previously men- 
tioned hangers, also supporting the field frame of 
the motor. The hollow annature sleeve projects 
through the bearing at the end o; osite the com- 
mutator, and a pinion is fastened thereto, which, 
in turn, meshes with a larger spur-gear on an 
intermediate spindle, whose motion is then im- 
parted to the balance of the driving gear, to 
which it is spur-connected. 

To operate and control the batteries and motor, 
a cylindrical controller is used, which is arranged 
to interlock with a separate foot-operated revers- 
ing switch mechanism. The controller cylinder, 
on which the various contacts are mounted, is 
turned by means of the operating lever. Con- 
nected to the spindle, upon which it is mounted, is 
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a cam which coacts with certain stop-levers con- 
nected to the reversing switch. The reversing 
switch, in its normal position, is set for the for- 
ward operation of the carriage, and by means of 
the controller four speeds can be obtained, three 
miles an hour being the lowest speed, when the 
four sets of batteries are connected in multiple. 
The next step on the controller connects two sets 
in series, and the two pairs in multiple, which 
gives six miles an hour. Twelve and one-quarter 
miles an hour is obtained at the next step, which 
connects all the batteries in series, and the highest 
speed of fourteen and three-fourths miles an hour 
is obtained by throwing the series-motor-field- 
\vindings in parallel with each other. If it is 
desired to reverse the direction in which the 
vehicle is moving, the operating lever must first 
be brought back to its normal ail-off position 
before the reversing switch can be operated. 
After the lever has been brought back a foot-lever 
at the side of the seat is pressed downward, throw- 
ing over the reversing switch to suitably connect 
the motor and give an opposite relation. After 
this has been accomplished, the controller lever 
can be again operated, and another of the previ- 
ously mentioned speeds can be obtained in the 
reverse direction. When the controller lever is 
returned to its normal position the reversing 
switch automatically returns to the forward con- 
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tacts. By this arrangement it is impossible to 
overload the motor by suddenly reversing its con- 
nections while going in either direction. 

.Near the switch is placed a small plug switch 
for emergency purposes, which can be easily 




a^e of accident to the 
t being stopped by the 



pulled by the operator i 
motor that would provet 

In Fig. 71J is Riven .1 diiigram of tho general 
arrangements und connections of the various elec- 
trical apparatus used to control and operate these 
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vehicles. All electric connections throughout the 
carriages which have to be manipulated in any way 
are made with two different sized plugs and holes, 
all of the positive being the larger. A mistaken 
connection is, therefore, impossible. 

Fig. 80 represents an electric hansom cab, as 
made for the Electric Vehicle Company, of New 
York, with branches in Chicago, Philadelphia, 
Washington, Boston and other cities. In many of 
these vehicles the front axle, instead of the rear 
axle, is driven by the motor, and steering is 
accomplished by the rear wheels. 



CHAPTER XIV 

MAINTENANCE AND RECHARGING OF STORAGE 

BATTERIES 

One of the most Important points in the success- 
ful use of storage batteries, especially when they 
are employed in automobile propulsion, is their 
daily care. In the case of stationery batteries, 
used in lighting plants where every cell is open to 
inspection, certain fixed rules, laid down by the 
manufacturer, can be easily carried out, such as 
keeping the electrolite at the proper specific 
gravity and always above the top of the plates; 
but when the cells are small and closely packed 
together and tightly sealed, it is almost impossible 
to do this ; hence, one having the care of the auto- 
mobile and its batteries should become so accus- 
tomed to the action of the batteries that a test of 
each cell, with the voltmeter, every night, before 
charging and after charging, should tell him 
whether they are in condition for good work. 

Every cell properly made has a vent tube in the 
cover, through which the surplus of hydrogen 
generated in charging can escape. This vent 
should be so made that a glance into it by the aid 
of a small mirror should show the glisten of the 
liquid just above the top of the plates. If this 
cannot be done, then a stick of dry wood or a pen- 

209 
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cil should be inserted into the tube until the top of 
the plates is felt. If the liquid is of the right 
height over the plates, moisture will show on the 
end of the wood ; if there is no sign of liquid, then 
a solution of weak acid and water must be added 
through a funnel. If the cells show a fair volt- 
age after discharging by use, such as i 8-10 volt, 
then a little clear water may be added; but it is 
generally desirable to have at hand a solution of 
sulphuric acid and water (5 parts of water to i of 
acid), which is more diluted than the regular elec- 
trolite used at first. This solution will show a 
specific gravity of 1.180, or about 25" Baum6. 
This is a mixture of about 4 parts water to i of 
acid ; the other solution, used for replenishing, is 
about 20' Baume, or 1.160. When the batteries 
are fully charged, and before the charging current 
is disconnected, the voltage and counter-electro- 
motive forces should show 2 volts and fully ^ of a 
volt. When disconnected and placed in the vehicle 
for work, the voltage should be at least 2 volts and 
i^fl, with the usual load. Running of the carriage 
after starting generally causes this voltage to drop 
to 2j^() volts. The majority of the work should 
show a cur\^e, in which an estimated trip in miles 
should be made before the voltage is pulled down 
to ij"o volts. Lower than this it is not well to go, 
especially if the battery is likely to stand some 
hours before recharging. The most effective cur- 
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rent is lo per cent of the estimated capacity of the 
battery. For instance, lo amperes per hour for lo 
hours, for a hundred ampere hour battery; and 
the most efficient output in discharge is about 12 
amperes for eight hours, or twice this amperage 
four hours. 
j Once a month the batteries should be taken out 
! of the cells and washed with running water for a 
few moments; each cell washed out, fresh electro- 
lite at 25° Baum6 put in and the battery instantly 
charged, beginning with a larger ampere current 
than usual for a short time, and until the battery 
begins to get warm ; then reduce to one-half for 
the proper number of hours to gain a desired 
capacity in ampere hours. 

If these simple rules are observed, the battery 
will last much longer and do more work than is 
generally done by the usual types of batteries. 
Often a large current is forced into a battery on 
account of haste, etc. This can be done for a 
short time, or until the cells become heated above 
75 or 80 degrees ; then the charging should stop, as 
the chemical action that goes on after this does 
little or no good, rather harm. A battery can be 
so made that it will receive a heavy charging cur- 
rent for an hour, and give an output of about the 
same amperes as have been put into it ; but this 
endangers the lasting qualities of the plates. If 
this same battery were charged with a 10 or even 
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15 percent current, for more hours, a greater result 
in work would be obtained. While batteries can 
be charged in three hours' time, it does not improve 
them. Six or nine hours will give better results. 

When the batteries are being charged in the 
vehicle, care should be taken to open the body as 
fully as the doors will permit. This will permit 
the air to circulate freely and carry off the gases 
that form during the process of charging. 

In the case of storage batteries, neglect allows 
the forming and the slow but constant growth, 
upon the exposed spots of the battery plates, of 
the whitish gray or scaly sulphate of lead, which 
being chemically different from the sulphating 
process, that goes on constantly in charging and 
discharging, is almost non-decomposible except by 
charging with a heavy current, generating much 
heat, or by a long, continuous charging with a low 
current, which even then acts upon the metallic 
lead under the scaly deposits, and forces it off by 
expansion. This kind of sulphate is like a fungus 
growth, and spreads rapidly over the plate if not 
checked. In a battery constantly in use this is 
not likely to take place, unless the surface of the 
electrolite be left for some hours below the top of 
the plates ; hence one of the most important rules 
and the easiest attended to, is the keeping of the 
liquid at least one-half inch above the top of the 
electrodes. 
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Any one can follow these directions, and 
while doing it, he can learn by obser\'^tion 
many little points where a "stitch in time 
saves nine." First, keep the liquid always 
above the top of the plates, with a weak solution 
of acid if you have it ; with rain water or distilled 
water, if no solution is handy. Second, do not 
allow the batteries to remain uncharged after 
fully discharging. Third, look carefully over all 
the connections between the cells, before and 
after a trip. Just as the strength of a chain is 
its weakest link, so the strength of a battery 
outfit is in its weakest connections. It is by 
leaving weak spots that resistance is set up, that 
arcs giving out intense heat are formed, current 
wasted, and the batteries forced to do more work 
than needed to propel their load. 
It is easy for any one who is 
caring for an electric vehicle to 
watch while the battery is charg- 
ing. By feeling of each connec- 
tion between cells one can tell, if 
any unusual heat exists, that some- 
thing is going wrong. Great heat 
at any point is sure to cause 
trouble. It is the sign of a loose or weak connection. 
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The method and apparatus for connecting the 
batteries — while in the vehicle — with the generat- 
ing plant for re-charging are indicated in the dia- 
gram, Fig. 8i. 

Before the plug is placed in the receptacle 
shown in the diagram, care should be taken that 
the switch (a) is open. When the plug is inserted 
in its proper place, it is quite important that the 
switch be closed quickly, so as to avoid an arc 
being formed. The operator should also open the 
body of the vehicle, so as to permit the air to cir- 
culate about the cells, for the reason that when 
the current penetrates the cells it produces gas 
that escapes from the cells during the process of 
charging ; and unless the air is admitted freely an 
explosive mixture is liable to be formed. There is 
no danger whatever if this simple precaution is 
taken. 

Recently a method for charging batteries in 
forty-five minutes has been brought to a certain 
degree of practicability for emergenices: but it is 
not claimed that it is equal in results to the three- 
hour method, much less to the most approved 
process which requires an eight-hour application 
of a weak and constant current. 

The quick-charging method consists in using a 
very strong current for a few minutes by which a 
coarse and porous deposit of the lead salts is made 
which gives a largely increased surface upon 
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which the salts may subsequently be precipitated 
in a more finely comminuted and more available 
form by gradually decreasing the power of the 
current for the balance of the forty-five minutes. 
In order to assure users of electric vehicles that 
the cost of maintaining and renewing batteries 
will not prove excessive, one firm of battery 
manufacturers undertakes to maintain vehicle bat- 
teries at a fixed yearly cost ; but this form of in- 
surance is perhaps not as yet very practicable 
except for vehicle owners in the immediate 
vicinity of the manufacturers or in large cities 
where branch factories may be operated, as in 
other cases the cost of transportation of heavy 
batteries, as well as time loss are important fac- 
tors to be considered by the vehicle owners. 



CHAPTER XV 

NOTABLE PERFORMANCES BY ELECTRIC VEHICLES 

While the electric vehicle is recognized as an 
almost ideal vehicle within its proper sphere of 
work, those who are practically interested in the 
manufacture and sale of electric vehicles have not, 
as a rule, taken pains to inform the public of the 
exact kind of work for which the storage battery 
vehicle is adapted; neither have they limited 
their production to such styles by which the 
superiority of the type could be demonstrated 
beyond all doubt or fault-finding. Their gfreatest 
efforts have apparently been aimed at proving 
that the electric vehicle is better suited for pro- 
longed travel on one charge of battery than any- 
body conversant with the engineering of storage 
batteries believes. Many vehicles have been con- 
structed especially to show a large traveling 
radius, and long trips have been undertaken with 
them in order to have it publicly stated that "elec- 
tric vehicles can now be constructed so as to 
travel loo miles on one charge of the batteries." 

Ordinary electric vehicles constructed with a 
view to durability and comfort continue, however, 
to be restricted to a traveling radius that seldom 
reaches thirty miles under average conditions of 
road surface, road gradients, load and wind. 
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The exceptional traveling capacity that has 
been the subject for public comment on several 
occasions in France and United States has appar- 
ently in all instances been due either to such 
variations in construction as would unfit the 
vehicle for general usefulness or to the choice of a 
route presenting hard, smooth and level roads 
over the entire distance. 

In France a distance of over sixty miles was 
covered on one battery charge, by using a vehicle 
which was practically all battery, motor and 
wheels, being totally devoid of all the comforts of 
ordinary vehicles. 

At several trials in United States batteries have 
been used in which the regard for durability was 
sacrificed for a high efficiency at one performance. 

In all instances it seems that a practically level 
roadway has been selected, grades being a very 
important factor to diminish the traveling radius, 
on account of the great weight of electric vehicles. 

From an article in Electric Review we reprint 
the following, which gives the views of disinter- 
ested electrical engineers on the subject : 

"The motor car movement has greatly stimu- 
lated the efforts of inventors to produce a storage 
battery of great capacity per unit of weight, and 
not a few batteries have been put on the market 
professing to be of much less weight for equal out- 
put than the older forms. An examination of 
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these new batteries and of the specifications 
reveals the fact that the inventors have not suc- 
ceeded in making any departure from the essen- 
tials of the Faure and Plants cells, lead and lead 
salts alone being successfully used. The plates 
consist of lead salts held in pr upon a lead grit or 
electrode. 

"In stationary batteries there are no objections 
to constructing the grids substantially enough to 
perform the two functions of supporting the active 
materials and collecting the current therefrom^ 
thus producing cells of considerable weight, six or 
seven watt-hours per pound weight of battery 
being a fair result in capacity. Such batteries are 
well understood and are durable and reliable, but 
for successful traction work batteries of such 
weight are not suitable. 

"Most inventors endeavor to reduce the weight 
by increasing the proportion of lead salts to the 
weight of the grid; in heavy batteries we may 
find the lead grid equal to twice the weight of 
lead salts used in making up the plates, while in 
some recent cells we find it claimed that the grid 
is only half the weight of the salts. 

So long as lead is used in batteries, the only in- 
vention possible is in the direction of reducing the 
mass of lead in the cell, sufficient being left simply 
to collect the current. The supporting of the 
active materials being no longer trusted to the 
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grid, the inventor then devised supports of ebon- 
ite, glass, acid-proof paper and other materials, 
much lighter than lead, which are applied in two 
different ways. 

' 'One uses a grid of vertical lead wires threaded 
through horizontal strips of ebonite, forming 
shelves, which carry the active materials and 
support them. Another takes glass rods as a weft 
interwoven with lead Vr'ires, the glass giving stiff- 
ness and resilience to the plates. A third employs 
very light perforated grids, and supports them by 
plates of light acid-proof paper, also perforated. 
Others prefer envelopes of celluloid or ebonite to 
hold the paste on extremely thin grids. 

"In all this there is not much invention. Still, 
if by some means a battery of great capacity and 
small weight can be produced, it is worthy of a 
patent. 

"It is claimed for some of these cells that fifteen 
to sixteen watt-hours per pound of battery, at a 
discharge rate of one ampere per pound of bat- 
tery, has been obtained. We have failed, how- 
ever, to find any independent confirmation of a 
capacity in any battery exceeding ten to eleven 
watt-fiours per pound. We are convinced that all 
these high capacity light weight cells will require 
very frequent renewal of plates; the negatives 
rapidly decline in capacity in continuous work, 
and the positive grids soon corrode right through, 
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the internal resistance increasing as these changes 
go on. 

"The renewal of cheap plates as soon as the 
capacity falls below a certain amount should be 
provided for in all battery traction projects, re- 
newals forming a large part of the cost of battery 
traction. Plates which were expensive to renew 
would be no improvement over cheap plates of the 
same capacity. 

*'In judging traction batteries it is not, there- 
fore, sufficient to find the capacity per pound 
weight only. It is necessary to find how long that 
capacity is maintained in continuous working. 
Say, a batter>^ starts with a capacity of two watt- 
hours per pound, how many full charges and dis- 
charges will it stand before the capacity falls to 
ten watt-hours per pound, and what will be the 
cost of renewal? These questions are rarely 
answered in descriptions of new cells. 

"In connection with road traction by batteries, 
we find that most vehicles for that purpose carry 
8o-volt batteries. Why eighty volts? We have 
never been able to find out the reason for this 
singular voltage, why not use larger cells and 
fewer of them? 

"The battery is so near the motor that loss in 
the leads is negligible. As only loo to 120 volt 
circuits can be used for charging 80-volt batteries, 
probably 80 volts was selected in the days when 
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iio volts was the usual pressure; but nowadays 
200 to 250 is becoming so common that batteries to 
be used on supply from street mains must be 
raised to 160, 180, or 200 volts pressure, although 
small cells do not give quite as high a capacity 
per pound as larger ones. 

"On the whole, inventors have not much room 
for improvements in lead cells. When they have 
reduced the grid to a minimum, and supported 
the active materials by something lighter than 
lead, their efforts are exhaiisted, and a possible 
capacity of about fourteen watt-hours per pound is 
obtained for a time. '* 

In considering the above quotation in relation to 
the subject of the traveling radius of electric 
vehicles, it should be remembered that the dis- 
tance to be traveled under given external condi- 
tion with a given amount of power depends first 
of all upon the weight that it is necessary to carry 
per unit of power, and secondly upon the manage- 
ment of the power; and also that the scientific 
management of the power (employing the speed 
which under varying circumstances is the least 
expensive and gives the highest motor efficiency) 
is very much handicapped under severe road con- 
ditions, inasmuch as the power that may be saved 
by skill holds a much smaller proportion to the 
total expenditure than when the traction resist- 
ance is small. 



Part IV 

Other Forms of Motive Power 

o* 

CHAPTER XVI 

COMPRESSED AIR, LIQUID AIR, AND CARBONIC 

ACID GAS 

Extensive experiments have been made looking 
to the use of compressed air as a motive power for 
automobiles and street cars, but, although two 
crosstown street car lines in New York City were 
for a time operated by this motive power w^ith 
some degree of success, and one line of night cars 
in Chicago also made use of it, it has not yet 
proved feasible to reduce the system to a satis- 
factory working basis with the very high degrees 
of compression (said to have reached 4,000 pounds 
to the square inch) that are desirable from an 
economical standpoint, and in order to obtain a 
maximum of power with a minimum of weight. 

The idea of utilizing compressed air for power 
has been very attractive to many by reason of the 
very economical methods by which air may be 
compressed on a large scale and stored in steel 
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bottles at a power station, to be thereafter dis- 
tributed and kept indefinitely until wanted. 

One of the difficulties that have attended its use 
depends upon the exceedingly low temperatures 
that are developed by its expansion, causing 
water from the surrounding atmosphere to be 
precipitated in the form of ice on the engine and 
its connections. To counteract this trouble and 
also gain additional power, inventors have gener- 
ally had recourse to a system of re-heating the 
partially expanded air in coiled tubing before 
passing it into the engine (which is similar to a 
steam engine, but requires much more lubrica- 
tion). But by so doing the simplicity and ever- 
readiness of the whole system are to a g^eat 
extent forfeited. 

Several automobiles have been operated with 
stored air under moderate compression, but, so far 
as known, none of them has reached the stage of 
perfection warranting regular manufacture. 

Liquefied air as a motive power is purely in the 
laboratory stage, although attempts have been 
made to capitalize large companies for the pur- 
pose of applying this modern product to propulsion 
of automobiles. Compared with compressed air, 
of which it may be considered an extreme species, 
it has the advantage that it is at rest in the liquid 
state so long as it is permitted to evaporate in an 
uncovered vessel, and does not require strong 
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steel bottles to contain it. Nor, indeed, may it be 
confined in any manner without danger of ex- 
plosion. 

The scarcity of the product, the difficulties in 
shipping and storing it, its temperature of 320 
degrees below zero, and the utter absence of prac- 
tical results up to date, render a discussion of its 
possibilities needless in this place. Only in 
regard to one point may a popular error be cor- 
rected: It has been frequently claimed that liquid 
air contains more latent power (by expansion to 
the atmospheric state) per pound than other 
sources of power, but the following table has been 
calculated from reliable data to show the true 
comparative value of the four power sources most 
frequently mentioned as available for automobiles : 

Foot lbs. per lb. 
Sources of power— of medium. 

Good storage battery 15,000 

Liquid air, from 2,000 lbs. to atmos- 
phere 139,100 

Coal, 14,600 British Heat Units, used in 
steam plant of 12^ per cent effi- 
ciency 1,408,000 

Kerosene oil, 20,700 B. H. U. , in inter- 
nal combustion motor plant of 35 per 
cent efficiency 5,593,000 

While this table shows plainly the theoretical 
superiority of liquid air — when harnessed — over 
storage battery, it shows, on the other hand, that 
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the internal - combustion motor on the same 
grounds may deliver, under the most favorable 
circumstances, forty times as great a power as 
liquid air per pound, but it should be admitted 
that no motors so far used for automobile traction 
have been worked at an efl&ciency of 35 per cent, 
or anything approaching this percentage (which is 
the basis used in the table), although it is said to 
have been reached in a stationary kerosene motor, 
and nearly reached in a stationary two-cycle 
gasoline motor. 

After all, fuel economy, which is so important 
in manufacturing enterprises, plays only a minor 
part in deciding the relative merits of the various 
systems of power generation for automobiles. 

Carbonic acid gas, which is much more readily 
compressed and liquefied than atmospheric air, 
and may be produced under great compression by 
the action of acid on marble or by other chemical 
means, has been applied by one experimenter of 
Jersey City to drive an automobile, but is not 
usually considered a desirable power source, hav- 
ing proved especially difficult to subjugate in 
earlier attempts at utilizing it for industrial work. 



CHAPTER XVII 

COMBINATION MOTORS — GASOLINE AND ELECTRICITY 
— GASOLINE AND COMPRESSED AIR 

An indicator card or diagram describing by 
curves the velocity of expansion of gases by the 
velocity of the piston strokes at their various 
stages, shows invariably a jagged line for in- 
ternal-combustion motors, even if they are run- 
ning at their highest efficiency, although the line, 
of course, is very much more even for a multi- 
cylinder motor at high speed than for a one- 
cylinder motor at a low speed. Under all 
circumstances there is an indication of the 
almost instantaneous explosion of the gas, fur- 
nishing evidence of a certain waste of power. 

The employment of high motor speed and the 
multi - cylinder type is the means commonly 
adopted to equalize the power, but it is not suffi- 
cient under great variations in load or traction 
resistance and speed, principally because the high 
motor speed cannot be maintained without com- 
plicated speed-gearing and manipulation of many 
operating levers. 

The remedy has been sought in another direc- 
tion, namely, by giving the ] internal-combustion 
motor a constant quantity of work by employing 
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it for storing power in one form or another when 
the traction work is light and drawing upon the 
stored power when it is heavy. 

Several makers of electric vehicles are looking 
forward to a combination of the internal combus- 
tion with the storage battery as the best means for 
obtaining the simple operation of the electric 
vehicle without its dependence upon power sta- 
tions for recharging of batteries. 

The ideal method should, generally speaking, 
consist of hitching a dynamo to the gasoline motor 
and make the dynamo constantly charge a storage 
battery, from which a slow-speed, shunt-wound 
electric motor would draw its power for propelling 
the vehicle in the usual manner. When the load 
is light and the traction effort small, the dynamo 
would charge the battery at a more rapid rate 
than the electric motor consumed the power, and 
a reserve power would be stored, to be used when 
the traction effort rose to a point fhat would over- 
tax the hydro-carbon motor. There is consider- 
able difficulty, however, in maintaining the 
efficiency of a battery when it is charged at a 
higli rate, and experiments have therefore taken 
another form, consisting in driving the vehicle 
direct from the gasoline motor and drawing upon 
the st()raj:^e batterv onlv when the load would 
otherwise diminish the gasoline motor's speed. 

The Munson phneton shown in Fig. 82 is oper- 
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ated by a combiniition motor of this class, which 
weighs 2,000 pounds. The combined hydro-car- 
bon and electric motors give seven nominal horse- 
power, and the vehicle is geared to two, four, eight 
and sixteen miles per hoiir, thus giving four 




speeds. The accumulators are housed in the 
body of the vcliicle. The motors are suspended 
on the running gear, itnd are dust and water 
proof. Fig. 83 shows this arrangement of mount- 
ing the hydro carbon motor on the running gear, 
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which is common in France, but in this country 
has been adopted only by two or three manufac- 
turing companies. It facilitates manufacture in 
different styles of carriage body, which may all be 
placed on almost identical trucks, and leaves the 
carriage box free from machinery. On the other 




Fig. 83. Moior Mourned on Axie. 

hand, it necessitates the use of special gear casing 
to protect the motor from dust and mud. 

A gasoline motor co-operating with a com- 
pressed-air engine is another form of combination 
motor, the gasoline .motor compressing the air, 
which is then either stored for use when required 
or used almost at once to equalize the power 
delivery. 

So far as publicly known results are concerned, 
this class of motors is stil! in the experimental 
stage, but vehicles are creditably rejwrted to have 
been operated successfully by a motor of this kind 
designed by J. W. Eisenhuth, of New York. The 
Eisenhutta motor is so constructed that the same 
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piston may be driven from one end by explosive 
mixture, and from the other by compressed air, so 
as to obtain a driving effect similar to that of 
steam power. 

Other forms of combined compressed-air and 
gasoline motors are being tested in two or three 
localities, and great hopes are entertained of com- 
plete success in this branch of automobile con- 
struction. As an indication of the value of the 
combination in regard to power economy it may 
be mentioned that a gasoline motor with an air- 
compressing attachment which has been in the 
market for use in the industries utilizing pneu- 
matic power, is known to operate at the same 
speed, whether the work of compressing and stor- 
ing air is added to its other functions or not. 



Part V 

Miscellaneous Matters 

CHAPTER XVIII 

THE STEERING OF THE AUTOMOBILE 

By "Indus" 

Numerous as have been the devices brought for- 
ward, in patents and otherwise, for steering 
mechanically-propelled vehicles, it cannot be said 
that any of them have proved altogether satisfac- 
tory. 

It naturally occurs to every constructor com- 
mencing to attack the problem of mechanical pro- 
pulsion on roads, to adopt the four-wheeled type 
of vehicle as drawn by horses, using the hind 
wheels as drivers, and retaining the fore carriage 
or perch to steer by, turning it to one side or the 
other by the hand of the steersman, either directly 
or by a lever — which, in this case, would corre- 
spond to the pole of a pair-horse carriage, the shafts 
of a one-horse carriage, or the steering handle of a 
bath chair — or through the intermediary of cog- 
wheels, chain-wheels, worm-wheels, or other 
mechanism. 
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The constructor soon finds out that to hold the 
perch firmly in the required direction and rapidly 
change that direction to satisfy the requirements 
of the traffic is not so easy as he supposed ; and he 
is surprised to discover that, all his life, he has 
seen wheeled vehicles without realizing what a 
great deal the horse has to do in keeping the 
vehicle straight on its course. If the steering 
gear is a rapid one, that is, if a small motion of 
the steersman's hand produces a considerable 
angle of the helm, so to speak, then his control 
over the perch, his power to keep it in the desired 
position, is but small; and if, as is constantly 
happening, an obstruction such as a stone, or a 
rut in the road, or a street car rail opposes one 
wheel of the perch, while the other is unimpeded, 
the perch is apt to be wrenched round towards the 
side where the obstruction js, in spite of the efforts 
of the steersman to prevent it. It is a very par- 
donable error of judgment, in bringing a four- 
wheeled vehicle alongside the foot-walk, to let the 
fore wheel grind the curbstone; with horse 
vehicles we see this done every day by experi- 
enced drivers; seldom do ill results occur beyond 
wearing out the curb and the wheel tire a little. 
The weight and strength of the horse, acting at 
the long leverage of the shafts, keep the perch 
from swerving. 

But let this error be committed by the driver of 
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an automobile with a quick steering gear, and 
there is a probability that the perch will be swung 
around towards the curb, and the vehicle will run 
onto the sidewalk, to the serious peril of pedes- 
trians and shop windows. 

This action is clearly shown in Fig. 84, which 
represents the wheel plan of a vehicle, the near 
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Fig. 84. 



forewheel of which is meeting the curb at a small 
angle; the resistance met with, acting at so con- 
siderable a distance from the center of motion of 
the perch, tends to turn the perch round at right 
angles to the curb, as shown by the dotted lines. 

If any one doubts that considerable force is 
necessary to keep the perch straight, let him 
experiment with one of the small hand-trolleys 
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used in engineering works for moving pieces of 
machinery from place to place. The fore-perch of 
the trolley has an iron rod projecting in front like 
the pole of a carriage, with a cross-bar at the end 
like that of a garden roller. Let the obser\'^er put 
a considerable weight on the trolley, and drag it 
at a fair speed, say three miles per hour, across 
the shop. He will find that unless the floor is 
smooth he cannot drag it straight, his arms being 
disagreeably jarred to one side or the other as the 
fore wheels meet with irregularities; while, if one 
fore wheel (but not both) meets with a large 
obstruction he will, if not on his g^ard, be thrown 
violently to one side. 

Well, after one or two unpleasant experiences 
with his quick-action perch, our constructor 
determines to run no more risk in that direction ; 
so he introduces a large-toothed ring on his perch, 
into which he gears a pinion actuated by a steering 
wheel, or other contrivance for giving him greater 
purchase over the perch. 

This proves a great success insofar as his hold 
over the perch is c(mcerned, but, alas! the charm 
of quick stcerinj^ is gone. He may, when travel- 
ing on the near side of a road, turn down another 
road at right angles to the right without reducing 
speed, by describing a wide circle across the road ; 
but he cannot do so to the left without either first 
going out into the road, or else slacking speed. 
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So he modifies his gear, and adopts a degree of 
purchase which he considers a happy medium 
between the extremes of too slow action on the 
one hand and too feeble control on the other. 
Still, he views with disgust a friend of his, on a 
tricycle automobile, a form of vehicle he loathes 
and despises, steering with evident ease and free- 
dom; and he recognizes that a vertical steering 
. axis passing through the plane of the wheel, as in 
the bicycle or tricycle, is essentially superior to 
the perch with its long-armed couple. 

But, ha! eureka! he has it. Let each fore 
wheel turn about a vertical axis in its own plane, 
and let these axes always move thioiic^h equal 
angles. Surely that will be a correct motion. 
What is right for one wheel is surely right for the 
other, and, therefore, for both. In the case of the 
perch, do not the fore wheels turn through equal 
angles about a vertical axis? 

There is also a bodily translation, no doubt, but 
the angular motions are equal. And he knows a 
simple means of producing this motion ; he is 
familiar with the side-rods of a coupled locomo- 
tive, the drag-link by which the two drain-cocks 
of a steam engine move as one, and many other 
examples of the jointed parallelogram. So he 
abandons the perch, and substitutes a pair of 
steering wheels of the bicycle model, united by 
two short levers and a drag-link so as to be paral- 
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lei to each other at every angle of helm. Having 
made a neat, workmanlike job of this, he sallies 
forth serenely confident of being right this time. 

But a new surprise awaits him. The gear is 
easy to handle, it is true; the steering handle, 
which is a prolongation of one of the drag-link 
levers, is not wrenched from his hand, as in his 
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first construction, and a large angle 'of helm can 
« be given in an instant, yet the vehicle is no longer 
herself. She slows down, and sometimes actually 
stops, when describing small circles; and never 
seems to know her own mind in turning sharp 
corners, sometimes describing a larger and some- 
times a smaller circle, with the same angle of 
helm, especially on wet asphalt or wood. This is 
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truly distressing, because he knows that that 
detested three-wheeler motocycle of his friend can 
run any assigned wheel over a mark in the road 
five times in six tries; nay, more, that the bath- 
chair, guided by the feeble hand of an aged 

invalid, pre- 
serves one 
true, definite 
course at 
every angle 
of helm. 

Our friend 
is no fool ; if 
he makes a mis- 
take, he can rec- 
ognize the fact 
that he has made 
it. He gets a sheet of 
double elephant stretched 
and begins to plot the 
paths of vehicles with 
various positions of the 
steering wheels. 
He is not above beginning with the three- 
wheeler, not being the sort of person we alluded 
to in the last paragraph. 

He makes a sketch like Fig. 85, to represent the 
two hind wheels A and B, and the fore or steering 
wheel C, put over to a certain angle. Before he 
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has well asked himself the question, "What is the 
point about which the system is revolving?" he 
has answered it by drawing CD at right angles to 
the plane of the wheel C, to intersect the line AB 
produced in D. The point D is clearly the only 
point about which all three wheels can turn with- 
out grinding on the ground, eadh advancing at any 
moment in 
its own 
plane, al- 
though that 
plane is con- 
t i n u a 1 1 y 
changing. And 
this is true for every 
angle of helm ; with 
a greater angle, D 
approaches B ; with 
a less, D is farther 
from B. 

lie sees his error now; with an intense feeling 
of chagrin and indignation against himself, he 
draws the plan of his own four-wheeler, as sho\\Ti 
in Fig. S6, and perceives that, if the wheels A, B 
and C alone existed, the svstem would turn about 
the point E ; while if A, B and D alone existed, 
the system would turn about F; and that there- 
fore, when all four, A, B, C and D exist, there is 
no i)oint which answers tlic requirements of true 
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running; that is, no point to which the axles of all 
the wheels, or rather their projections on the 
horizontal plane, converge. 

The reason of the occasional strange behavior 
of the car whose fore wheels are always parallel 
is now apparent ; the in-weight, or the variations 



I 




Figs. 88 & 89. 



of the co-efficient of friction between the wheels C 
and D and the road, according as one or the other 
was on a greasier spot, would bring the center of 
motion of the system nearer to E or F, as the case 
might be. 

What has to be done to make a satisfactory 
steering gear for the four-wheeler is now clear, 
although the means of doing it are not so easily 
evident. The axles of the four wheels produced, 
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as seen in the plan, must in every position of the 
gear meet in the line of the axle of the hind 
wheels, as shown in Fig. 87. The fore wheel on 
the side towards which the vehicle is turning must 
clearly move from its normal position through a 
larger angle than the other for this condition to 
obtain. Thus, when the wheel D is turned round 
its vertical axis at right angles to the center line 
of the vehicle (Fig. 88) the point E coincides with 
B, that is, the point of contact of the wheel B with 
the ground becomes the center about which the 
system turns, and the wheel C has only turned 
through about half a right angle for its axle to 
point to the point B. 

Turning the wheel D still further, the point E, 
the center of motion, comes between A and B, as 
shown in Fig. 89, a position of the wheels which 
appears at first sight really extraordinary. Yet it 
gives a true motion of the wheels without grinding 
on the road; the wheel A may move forward, 
while B goes backward, C and D revolving each 
in its own plane, and all without any sideway 
motion on the road. 

In practice the two odd positions of the wheels 
will never be seen, in rear- driven automobiles, 
because the wheels before arriving at those posi- 
tions have assumed angles by which the progress 
of the vehicle and the operation of the motor are 
blocked. 
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An approxima- 
tion has been at- 
tempted by more 
than one construc- 
tor in the follow- 
ing manner: In- 
stead of making a 
parallel motion as 
in Fig. 86, in which 
the drag - link is 
equal in length to 
the distance be- 
tween the vertical 
pivots of the fore 
wheels, the drag- 
link is made con- 
siderably shorter, 
as shown in Fig. 
90, where G H is 
the drag - link, C 
and D the vertical 
axes, and C G and 
D H the short 
levers which actu- 
ate the axes. It is 
clear that in steer- 
ing to the right the 
lever H D, and 
consequently the 




244 MISCELLANEOUS MATTERS 

wheel D, turn through a greater angle than the lever 
C G and the wheel C, This gear, however, has a 
very limited range, for the lever D H and the link 
H G soon come in the same straight line, as shown 
in Fig. 91, and this is the extreme angle of helm 
that can be used; for if D H be turned still further 
round in the same direction, the link H G will 
evidently begin to drag the lever C G back, 
instead of putting it further over. The gear, 
therefore, cannot be considered a solution of the 
problem. 



CHAPTER XIX 

WHEELS, TIRES, DIFFERENTIAL GEARS, BEARINGS 

The part played by the driving wheels of an 
automobile is radically different from that of the 
wheels of a horse-drawn vehicle; and even the 
front wheels of a rear-driven automobile are re- 
quired to endure strains (caused by the power 
pressing on directly from behind while the front 
wheels are turned at an angle for steering pur- 
poses), which all the wheels of a horse-drawn car- 
riage escape. 

The construction of automobile wheels is, 
therefore, usually more similar to that used 
for the driving wheels of certain self-pro- 
pelled agricultural implements than to ordi- 
nary carriage wheels. They are of the bicycle 
wheel or suspension wheel type shown in 
Fig. 92. 

But this style of wheel, while it resists the driv- 
ing stresses, presents a network of wires which it 
is difficult to keep clean and neat in appearance, 
and which is easily weakened by rust. Wire- 
spoke wheels also want to be made very broad at 
the hub in order to resist the side stresses that 
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arise at turns or when tbe wheels tire wrenched in 
a rutty road. 

For these and other reasons many automobiles 
are still fitted _ with the ordi- 

(Fig. 93), only 
at the hub con- 
provided with 
eltber hollow 

These tires act 
and protect 
axles against 
den shocks, par- 
lateral ones that 
roads or speedy 
As mere carry- 



press ion wheels 
strengthened 
nections and 
rubber tires, 
and filled with 
air. or solid 



injury from sud- 
ticularjy those 






bad 




turning. Suspension Wheel, 

ing wheels, and in regard to strength to resist 
buni])s (shfwlfs which travel from the rim to 
the hub and in the plane of the wheel), wood- 
s]x)ked wheels are generally considered eqttal 
tri wire-spoked — suspension — wheels, but it 
is vinderstcMiii that unless the construction, mate- 
rial, workmanship and finish is of a very superior 
order, they are likely to deteriorate under the 
special stresses to which they are subjected as 
driving wheels in automobiles, and then suddenly 
gi\'e way at the \xilnt where the spokes are 
secured in hub. The finish of the wooden wheels 
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is in this respect of special importance, because it 
protects the wood against climatic influences 
which would tend to warp the wood and alter- 
nately ex- pand and 



contract it, 
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looseningthe 
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Fig. 93. ComDression from rotilt- 



ency to twist the wheel out of the hub is 
experienced when the automobile is stopped 
by brake action, and especially if the brake 
acts from the motor, as by sudden reversing 
of the power, or upon the axle or hub of the 

In suspension wheels all stresses of this nature 
are resisted by the tensile strength of the wire 
spokes, the wires being laced tangentially to the 
hub in exactly the same manner as in all rear 
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wheels of bicycles and driving wheels of agp'icul- 
tural machines. 

By this manner of lacing a rotary strain at the 
hub always follows the length of the wire spoke 
without any tendency to bend it ; and, moreover, 
the strain is borne not by a single, wire but by 
one-half of the spokes in the wheel, because a 
rotary strain tends to dislocate all those spokes, 
simultaneously, which issue from the hub in the 
opposite direction of the rotary strain; that is, 
one-half of their number. 

In wooden wheels, on the other hand, these 
rotary strains tend to bend the spokes and com- 
press their inner bezeled ends unevenly against 
each other; and the ground resistance works with 
a long leverage at the periphery of the wheel 
against the short inner ends that are gathered in 
the hub. The best security against trouble from 
this cause is found — aside from good workman- 
ship — in enlarging the diameter of the hub flanges 
between which the inner ends of the spokes are 
held, and shaping the spokes somewhat like ham- 
mer handles, i. e. , with a reduced diameter a short 
distance from the hub, so as to facilitate a slight 
bending in one place in order to relieve excessive 
strains at the joints. 

In some of the bCvSt automobile constructions 
this hammer handle design will also be found in 
the axles near the wheels, the object being again 
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to alleviate shocks and prevent the middle portion 
of the axle, upon which the differential gear is 
usually mounted, from being sprung. 

As an example of the severity reached in the 
rotary strains referred to. it may be mentioned 
that in certain heavy automobile freight wagons 
whose wheels were shod with steel tires, these 
steel tires buckled under the stress of hauling 
heavy loads, and that it has been found no easy 
task to secure rubber tires to the wheel rims with 
bolts and avoid enlargement of the bolt holes and 
creeping of the tires on the driving wheels. 

This leads to the tire question, which is one that 
is giving automobile manufacturers much to think 
about. The choice between solid rubber and 
pneumatic tires is far from being settled, and 
something better is persistently sought for by 
manufacturers. 

In all cases the tires of the driving wheels must 
bear the brunt of the rotary, tangential stresses 
mentioned with reference to the wheels. When a 
2,000-pound motor vehicle is driven up a 10 per 
cent grade, it is evident that the tangential stress 
on tire material exceeds 200 pounds at the points 
of ground contact, or 100 pounds for each tire. In 
a vehicle going at a speed of three miles per hour 
the lowest amount of stress — counting on a trac- 
tion resistance of 80 pounds — equals about 1 1^ 
horse-power applied to abrade or tear the tiie 
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material. With pneumatic tires and a high infla- 
tion, the area of ground contact is smalt, and the 
likelihood of abrading the 
tire casing material is thereby 
increased. With Tow inflation 
the stress is largely borne by 
the fabric, and the means 
employed for fastening the 
tire on the wheel rim. The 
solid rubber tire suffers 
mostly by abrasion if it is 
properly fastened. 

Figs. 94, 95 and 96 show 
common types of solid tires, 
which are used for ordinary 
carriages as well as for auto- 
Pneumatic tires are mostly 
of the single-tube variety, 
only larger and heavier 
than single-tube bicycle 
tires. Figs. ^^ and 98 
show two kinds, both 
intended to be fastened 
to n metal wheel rim by 
screw bolts entering 
vulcanized in the tiies aa 
Hhowii. The perspective view in Fig. 99 represents 
the same tire as Fig. 97, and shows a compara- 




metal lugs that : 
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lively new departure in the flat tread, which gives 
this tire a larger area of contact with the ground 



4^^. 




Fig. 97. 



A multitude 
of designs in 
automobile 
tires, both solid 
and pneumatic, 
have been pro- 
posed and tried, 
but no definite 
results have 
been reached 
proclaiming the 
superiority o f 
one pattern over 



than may be 
obtained with 
the ordinary 
round tire, when 
it is highly in- 
flated, and thus 
protects it some- 
what against 
abrasion of the 
rubber, there 
being more ma- 
terial where 
with to resist 
the abrasive 
stress. 




Fig. 98. 
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another. Detachable tires and clincher tires are 
among the number, but in all cases, whether for 
light or heavy automobiles, the public, as well as 
manufacturers, must await the verdict of larger 
experience before the tire question may be consid- 
ered definitely settled in favor of any one or more 
patterns. Without further explanation there is 
presented in Fig. loo a cross-section of one of the 
very latest tire patterns, and the means for fasten- 
ing it to a wooden wheel felly. This tire is 
designed to be inflated, and to act as an ordinary 
pneumatic tire under ordinary loads, but under 
heavy loads or when insufficiently inflated, the 
two internal buffers in the tire meet as shown in 
dotted lines, and the tire then acts as a cushion tire. 

The complexity of the ar- 
rangement will make it evi- 
dent to the reader that the 
questions involved in the 
tire problem are numerous 
and knotty. 

The keynote to the tire 
situation is, however, the 
one important fact that the 
lighter the automobile and 
the less speed there is de- 
manded of it the more readily 
may it be equipped with tires 
Fig. 99. that will prove satisfactory. 




The means ordiiianI> used for inflating luto- 
mobile tires is i, compression pump operated by 
han'3 as for bic\c]es but on account of the h 




pressures wanted in automobile tires — from 60 to 
1^0 pounds— it is preferable to use a large pump 
geared down and operated by a crank, or to have 
the pump connected with an engine. Recently 
carbonic acid gas has been utilized in the same 
form in which it is used for drawing beer from 



the barrel, namely, in steel cylinders under an 
initial pressure of i.ooo pounds per square inch, 
and there has been placed ontfae market a cabinet 




Bg. 101. Tire 



IE Cablnel (acncd). 



containing a. small, compact inflating outfit, con- 
sisting of a cylinder of gas, a regulator, a gage 
expansion tank and a conducting tube, having a 
nozzle with a valve operated by thumb f 
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The accompanying illustrations (Figs. loi and 
102) show the case opened and closed. 

When a tire is to be inflated, it is put in posi- 
tion ; the thumb gently presses the release valve, 
and the tire is automatically filled with gas. 
When the tire is fully inflated, the valve is closed, 
and the tire ready for use. 

This method of inflating tires has been much in 
vogue in France, but a French scientist, Arsonval, 
is said to have demonstrated that carbonic acid 
gas under more than eighty pounds pressure 
passes through rubber by degrees, while at the 
same time causing the rubber to swell and lose 
part of its elasticity, though not permanently 
injuring it, as it resumes its size, appearance and 
usual properties when the pressure of carbonic acid 
gas is removed. 

The principle of the difi^erential gear ordinarily 
used in automobiles of all types, to permit one of 
two wheels driven by the same motor to revolve 
faster than the other, is illustrated in Fig. 103, 
part of the driving axle and one wheel being 
shown. The axle is double, one part within the 
other, A and B, each divided into two parts. The 
outer part does not revolve, but carries the driven 
axle in ball-bearings as shown. The inner ends 
of the outer axle are connected with the casing of 
the diflferential gear c, affording a support to its 
revolving members, making a dust and waterproof 
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covering, also a receptacle for oil for lubrication, 
and for the ball-bearing for the differential gear. 
The outer ends of this axle cower the ball-bearings 
d, connecting with the hubs of the wheels. By 




Fie. 102. Tire ln<l«hne Cabinet (Open), 
referring to the figure again, the reader will 
notice a shaft, e, at right angle to the axle. This 
connects with the motor, and engages the differ- 
ential gear with a beveled pinion. As the power 
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to be transmitted is to be delivered at a right 
angle from its source, it is accomplished by the 
beveled gear f . 

Let us suppose the vehicle is moving forward ; 
both wheels are driving at the same time; by 
changing the direction from right to left the out- 
side wheel is made to travel faster than the inner 
one. This would not be the case if the differ- 
ential gear were omitted. It is obtained by plac- 
ing two bevel gears, g, near each inner end of the 
driving shaft. At right angles to this shaft is a 
short shaft, h, its ends held in bearings, which 
form a part of the casing. Its center forms a 
block, i, or bearing, in which the inner ends of the 
driving shaft are held. On this shaft, between 
the block and its outer end, are shown two beveled 
gears, j, which engage with the two beveled gears 
on the driving shaft. When this shaft revolves 
with the vehicle moving forward, both halves 
revolve at the same speed; but if turned to the 
right, the left half will turn faster ; if turned to the 
left, the right half will turn faster. The action 
is reversed when the direction of the vehicle is 
reversed. 

The axle bearings in automobiles are not neces- 
sarily different in principle from those employed 
in ordinary vehicles loaded to the same weight 
and intended for the same speed, but as the auto- 
mobiles are throughout modern in other respects, 
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it is natural that the makers strive to desigfn also 
the axle bearings and other bearings in the 
vehicle on the most approved modern lines. 

The weight and intended speed of automobiles 



being invariably 




of the weight and speed 
of the txKTe?!panding 
patterns of horse- 
drawn vehicles, makes 
it necessary that great- 
er care should be given 
to the design and ma- 
teria! of their bearings, 
and this requirement 
is further emphasized 
by the rattling noise 
which would be 
caused in automobiles 




by p(K)r bearings by reason of the extenave 
employment of metal in the automobile frames. 

With reference to motor bearings it is to l)e 
noted that the same severity in requirements pre- 
vails. They may be compared to bearings in 
Oth-r machinery operated at high speed, but while 
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other machinery is usually either stationary or 
intended for transportation over smooth steel rails, 
the motor bearings in automobiles are to be shaken 
and jolted over all kinds of roads. In order to be 
noiseless and smooth-running, they must, there- 
fore, be of the very best design and workmanship, 
and must be adapted to work well under end- 
pressure, even if normally horizontal, because an 
automobile in action may assume different angles 
var3,*ing from the normal level. 

It follows from the compactness of automobile 
construction and the demand for a pleasing 
design, that man)' bearings in automobiles are less 
readily accessible than similar bearings in vehicles 
or stationary machinery ; and for this reason also 
is it of great importance that each bearing be 
designed mechanically correct, so as to reduce 
wear to a minimum and give as little occasion as 
possible for readjustments, lubrication and repairs. 

It will be seen that despite the numerous thrifty 
reasons why bearings for automobiles must be 
made with extraordinary care and skill, there is 
really nothing in the principle of automobile bear- 
ings to distinguish them from machine and vehicle 
bearings in general ; and as the subject of bear- 
ings in general is a large one, which could not be 
profitably discussed in a few pages, the reader 
who wishes to enter into it in detail is referred to 
the illustrated treatises on ball and roller bearings 
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of various types which are published by manu- 
facturers. 

The main trouble with ball-bearings similar to 
those in bicycles is the liability to crushing one or 
more balls under the heavy loads of automobiles, 
and destroying the whole l)earing before the acci- 
dent is discovered. This is obviated to some 
extent by using ball-bearings in which each ball 
has four points of contact with the other bearing 
members; but such four-point bearings, if inac- 
curately made or ineptly designed, are worse than 
common two or three point bearings. 

With roller bearings it has been found difficult 
to confine the rollers to a straight course and pre- 
vent them from wedging. But great progress has 
been made lately in this respect, under the stim- 
ulus of the extraordinarily severe requirements for 
automobile construction. 



Part VI 

Rules and Regulations Concerning 
the Operating of Automobiles 

CHAPTER XX 

CHICAGO CITY ORDINANCE 

Section i. No automobile, autocar, or other 
similar vehicle shall be propelled or driven upon 
or along any street, alley or other public way in 
the City of Chicago unless the person in charge or 
control of such vehicle, and who is acting as the 
operator thereof, and as such operator controls 
the means of propulsion of any such automobile, 
autocar or other similar vehicle, shall be a person 
duly licensed by the City of Chicago to act as an 
operator of such vehicles in the manner herein- 
after provided ; and for the purposes of this ordi- 
nance the terms or names "Automobile," 
"Autocar," and "other similar vehicles," wher- 
ever and whenever used in this ordinance, shall be 
held to embrace and mean, and are hereby defined 
to mean, any vehicle driven or propelled upon or 
along the streets, "alleys or other public ways of 
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this city, whether for purposes of business or 
pleasure, or for both, the motive power of which is 
electricity, compressed air, naphtha, gasoline, 
kerosene, or any other motive power other than 
animal power or motive power supplied solely by 
exertion of a human being. Provided, however^ 
that nothing herein shall apply to the operation of 
any locomotive, grip-car, motor, trolley-car, or 
other vehicle used by any steam or street railway 
upon and along any track or tracks owned or 
authoritatively used by any steam or street rail- 
way company or corporation. 

Section 2. The Mayor shall appoint a Board of 
Examiners, consisting of three persons, one of 
whom shall be the City Electrician, one the Com- 
missioner of Health, and one the City Engineer; 
and it shall be the duty of such Board of Examin- 
ers, when appointed, to examine into the qualifica- 
tions, ability and capacity of any person or 
persons who may desire to obtain a license or 
certificate of qualification to operate any such 
automobile, autocar, or other similar vehicle ; and 
such Board of Examiners shall be officially known 
and described as the "Board of Examiners of 
Operators of Automobiles." The said Board of 
Examiners shall have the power and authority, 
and it is hereby made its duty, to examine into the 
qualifications and fitness of any applicant for a 
license or certificate of qualification to act as an 
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Operator under the provisions of this ordinance ; 
and to carry out the purposes of this ordinance the 
said Board may make such rules and regulations 
as may be deemed by it expedient or necessary for 
the purpose of determining the fitness of any 
applicant for a license or certificate of qualifica- 
tion hereunder. And the said Board of Examin- 
ers shall hold examinations as often as may be 
deemed necessary, setting apart, however, no 
fewer than two days per month for such exam- 
inations, and such examinations shall be con- 
ducted with a view to ascertaining the physical 
ability, mental qualifications and possession by 
the applicant of a sufficient amount of mechanical 
knowledge and ability to understand the working 
parts of the mechanism or apparatus used for 
propelling or driving any such automobile, autocar 
or other similar vehicle. 

Section 3. Every application for a h'cense or 
certificate of qualification hereunder shall be made 
upon a printed form furnished by the said Board 
of Examiners, and shall set forth the name, age, 
citizenship and occupation of such applicant. Any 
applicant who shall have been examined by the 
said Board of Examiners and deemed by it capa- 
ble of acting as an operator as herein provided, 
shall have issued to him or her a certificate of 
qualification, or license, authorizing the person so 
examined and found capable, to act as an "auto- 



264 RULES AND REGULATIONS 

mobile operator," and each such license or certifi- 
cate so issued shall expire one year from the date 
of issue. 

Section 4. The fee for such license or certifi- 
cate of qualification shall be three ($3.00) dollars 
for the first year, and upon the expiration of any 
such certificate or license, the holder thereof shall 
be entitled to a renewal of such certificate or 
license each year thereafter, without further ex- 
amination, upon the payment of a fee of one 
($1.00) dollar for each such renewal. 

Section 5. Every license or certificate of quali- 
fication issued by the said Board of Examiners 
shall be signed by all or a majority of said Board 
and shall bear an imprint of the said Board's 
seal. Any member of said Board shall have the 
power and authority to temporarily revoke any 
license or certificate of qualification issued by said 
Board upon a finding that the person holding any 
such license or certificate has proved unfit to act 
as an operator, either by reason of carelessness, 
intemperance, or by reason of any other cause 
deemed sufficient by the said Board to require a 
revocation of such license or certificate. Pro- 
vided, however, that no person shall have his or 
her certificate or license finally revoked without 
first being given an opportunity to be heard by 
the said Board of Examiners in his or her defense. 
Such revocation may be made for a limited period 
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or permanently, as the said Board may detennine, 
and in case of the revocation of any such license 
or certificate the fee paid therefor shall be for- 
feited to the city. 

Section 6. The Board of Examiners herein pro- 
vided for shall cause to be kept a full and correct 
record of its official proceedings, including the 
names of the members of the said Board, the 
name, age and residence of each applicant for a 
license or certificate, the number of certificates 
issued or rejected, the number of certificates 
renewed or revoked and the cause of such revoca- 
tion, together with the name of the person whose 
license or certificate was revoked. Also, the 
amount of money received or expended, and the 
said Board shall cause a full financial report to be 
made each month, and shall file the same not later 
than the 15th day of each and every month with 
the City Comptroller. 

Section 7. The Mayor shall designate and set 
apart any room or rooms in the City Hall for the 
use of said Board of Examiners he may see fit, 
and shall also appoint or designate some employe 
in the classified clerical service of the city to act as 
Secretary to the said Board of Examiners, and the 
said Secretary, when so appointed or designated, 
shall perform such duties as he may be directed to 
perform from time to time by the said Board of 
Examiners or any member thereof, and the mem- 
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bers of [the said Board of Examiners and the Sec- 
retary thereof shall perform all the duties herein 
provided for without further compensation than 
that paid them or either of them in their respect- 
ive offices or positions under the municipal gov- 
ernment. Until the next annual appropriation 
shall have been made, the expense necessary to be 
incurred by the said Board of Examiners in fol- 
lowing out the provisions of this ordinance shall 
be paid from the receipts of such Board of Exam- 
iners under this ordinance, and a full report of 
such expenditure shall be made to the City Comp- 
troller with each monthly financial report made as 
hereinbefore provided. 

Section 8. No automobile, autocar or other 
similar vehicle shall be propelled or driven upon 
or along any street, alley or public way of the 
City of Chicago, at a speed exceeding eight (8) 
miles per hour, and such vehicles when in motion 
must be kept to the right, and shall observe the 
rule of the road as laid down for all other vehicles. 

vSecticm 9. Each and every automobile, autocar 
or other similar vehicle driven or propelled upon 
or along any street, alley or public way in the City 
of Chicago shall be equipped and supplied with an 
alarm bell or gong of not less than four inches in 
diameter, and the same shall be sounded at street 
crossings and wherever else deemed advisable by 
the operator of such vehicle, to be sounded for the 
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purpose of notifying pedestrians or others of the 
approach of any such vehicle, and each automo- 
bile, autocar or other similar vehicle shall be 
equipped with a brake or set of brakes, which shall 
be of sufficient power when applied to bring any 
such vehicle, when at a speed of eight miles an 
hour, to a full stop within ten feet from the point 
such vehicle was when such brake was applied, 
and all such vehicles shall carry a lighted lamp, or 
lamps, in a conspicuous position on such vehicle 
whenever in motion on any street, alley or other 
public way at any time after dusk and before 
dawn. 

Section 10. No person shall operatej drive or 
propel any automobile, autocar or other similar 
vehicle upon or along any street, alley or other 
public way in the City of Chicago without having 
first obtained a certificate of qualification so to do, 
as hereinbefore provided, and any person violating 
any of the provisions of this ordinance shall, upon 
conviction thereof, be fined not less than $5.00 nor 
more than $25.00 for each ofifense. 




Model of Badfire to be Worn by All Operators 
(Male or Female). 



CHAPTER XXI 

THE NEW YORK CITY ORDINANCE 

Section i. On and after December 31, 1899, no 
horseless wagon, automobile, or any other vehicle 
operated by electricity, compressed air or any 
other motor power on the surfaces of the streets of 
The City of New York, save and excepting street 
surface railroad cars, shall be run, conducted or 
()I>erated, unless by an individual duly licensed to 
run, conduct or operate the same; and no such 
individual shall be declared fit to conduct, propel, 
run or operate such horseless wagon, automobile 
or other vehicle so operated, unless he shall have 
submitted to the Chief of the Bureau of Licenses 
of The City of New York sufficient proof of his 
fitness to justify such Chief in gpranting him a 
license. 

Section 2. The owner of each and every such 
wagon, automobile or other horseless vehicle shall 
I)ay to The City of New York a similar license fee 
to that now i)aid by the owners of cabs. 

Section 3. No such wagon, automobile or other 
horseless vehicle shall be driven, run, propelled or 
operated throujj^h the streets and avenues of The 
City cf New York at a greater rate of speed than 
that of five miles an hour ; and each and every such 
wagon, automobile or other horseless vehicle shall 
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have a bell loud enough to be heard at a distance 
of five hundred feet, and said bell shall be used to 
warn vehicles or pedestrians of the approach of 
said wagons,' automobiles or other horseless 
vehicles. 

Section 4. All ordinances or parts of ordinances 
inconsistent or conflicting with the provisions of 
this ordinance are hereby repealed. 



CHAPTER XXI 

THE NEW YORK CITY ORDINANCE 

Section i. On and after December 31, 1899, no 
horseless wagon, automobile, or any other vehicle 
operated by electricity, compressed air or any 
other motor power on the surfaces of the streets of 
The City of New York, save and excepting street 
surface railroad cars, shall be run, conducted or 
operated, unless by an individual duly licensed to 
run, conduct or operate the same; and no such 
individual shall be declared fit to conduct, propel, 
run or operate such horseless wagon, automobile 
or other vehicle so operated, unless he shall have 
submitted to the Chief of the Bureau of Licenses 
of The City of New York sufficient proof of his 
fitness to justify such Chief in granting him a 
license. 

Section 2. The owner of each and every such 
wagon, automobile or other horseless vehicle shall 
pay to The City of New York a similar license fee 
to that now paid by the owners of cabs. 

Section 3. No such wagon, automobile or other 
horseless vehicle shall be driven, run, propelled or 
operated through the streets and avenues of The 
City cf New York at a greater rate of speed than 
that of five miles an hour ; and each and every such 
wagon, automobile or other horseless vehicle shall 
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DONTS 

DON'T— 

Attempt to run an automobile without a 
a license, if such an ordinance is in force in 
your city. 

DON'T— 

Fail to observe the "rules of the road." Al- 
ways keep to the right. If you desire to 
precede any vehicle in front of you, pass to 
the left, after ringing your bell, or sounding 
your horn, as your equipment may permit. 

DON'T— 

Fail to keep your lamps in a condition that 
will permit of instant use. This is of great 
importance. 

DON'T— 

Attempt to improve the operation of your 
machine by readjusting it. No self-respecting 
manufacturer will deliver you a vehicle until 
it has been thoroughly tested. 

DON'T— 

Fail to have your tires cleaned after using 
them, as this attention will prolong their life. 
If they are pneumatic, keep them pumped up 
hard all the time. 
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DON'T— 

Fail to examine the ball, or roller-bearing 
axles at least once in three months. Wipe 
them off carefully, then wash them with gaso- 
line ; afterwards rub them with vaseline, so as 
not to make them sticky, and finally readjust 
the parts with great care. 

DON'T— 

Fail to keep in their proper place such tools 
as manufacturers provide with each vehicle; 
you may have to use them in an emergency. 

DON'T— 

Attempt any but first speed, until you have 
learned to judge distances and the rates of 
speed your machine will travel. Bicycle rid- 
ers quickly learn this. You must learn the 
speed of your vehicle under all conditions. 
You cannot, as on a bicycle, tell by the amount 
of power you are exerting what your rate of 
speed is. 

DON'T— 

Fail to observe the special rules laid down 
by each manufacturer. 



THE AUTOMOBILE LOG 



Log of the Autofnobile. 
owned by 



in charge of. 



while on a journey from 

to 

Time of departure date 

State of Roads 

Weather 



No. of Persons on board. 



lbs. 



Weight of Persons on board 
Fuel 

Supplies ** 
baggage •• 
Total Weight 
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